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1CHAPTER I
THE FIELD TRIP CONCEPT
Come forth into the light of things,
Let nature be your teacher....,.,.
One impulse from a vernal wood
May teach you more of man,
Of moral evil and of good.
Than all the sages can.
--Wordsworth
Introduction
Environmental education . The recent, emphasis on
environmental studies has placed great new expectations
on our educational system. S. P. Marland, Jr., former
U.S. Commissioner of Education (1971) states:
Environmental education involves every person and
form of life upon the planet. Unless the present
environmental crusade is deeply rooted in the educa-
tional system and within the consciousness of the
people, the current high public interest will falter.
Wagar (1970) expressed this view even more emphatically:
The challenge of environmental education is no
less than that of preventing disaster for the human
race
.
Educators at all levels are stressing similar views.
Weidner (1970) in reference to a program of studies at the
University of Wisconsin, Green Bay, comments that:
Teaching, research and community outreach merge
into a single intellect function, as they must if
2we are to deal effectively with the pollution of a
river, the decay of a downtown urban area, or any of
the dozens of other environmental problems found in
our region.
The marine environment
. Jacques- Yves Cousteau
(1971) declared before a United States Senate Subcommittee:
Destruction of the oceans from pollution and
other causes is 20$ - 30$ total.
and predicted:
I forsee the end of everything in 30 - £0 years
if immediate action isn’t taken.
Jacques Piccard (1971), very shortly after, reported
from Geneva, Switzerland that pollution is destroying the
plankton necessary for the survival of marine life. These
two eminent figures in the scientific world have fore-
warned us that disaster is imminent and that we must
develop plans to counteract the environmental damages
already inflicted. A recent tidepool transect study by
Nutting, Zottoli and Gustafson (1971) adds substance to
the critical state of the oceans. They even urge caution
when studying stagnant pools that may harbor potential
disease organisms due to pollution.
As evidence accrues through study and research it
becomes readily apparent that there are, however, no
simple solutions for environmentally related problems.
What is needed is a massive attack from many directions
and educational approaches must be revised accordingly.
In this revision the concept of nature study, conservation
3and outdoor education must be more fully developed.
One of the areas that provides another avenue for
learning as well as enrichment of biology course offerings
is the field study of the seashore or intertidal zone.
Of course, it is not reasonable to expect mid-continental
schools or even inland schools to be able to take full
advantage of the marine environment. Yet Bennett (1972)
claims that even those teachers located near the shore
fail to take advantage of what they have at their doorstep.
Bennett (1964) in another paper, urges that teachers
should not treat the marine environment as some sort of
separate realm of the biosphere. He maintains that the
marine and terrestrial environments are not disjunctive
worlds (a treatment often implied in biology) and that
such a separation is a gross misconception. The difference
lies only in the kinds of organisms and media in which
they live. The same rules of nature apply to both types
of organisms. Thus, as Bennett succinctly describes:
When one calls himself a marine biologist he is
merely denoting to the reader or listener that he is
a biologist concerned primarily with the marine
environment utilizing the same rules, procedures,
methods and concepts inherent in the study of all
biology.
Further substantiation of the value of learning
about the marine environment as continuous with the con-
cept of environmental education was brought out by
kLinsky (1967)
:
The pressing issues of water pollution and the
increasing use of marine aquatic resources as actual
and potential sources of nutrition indicate that the
study of a marine habitat warrants a place in the
high school curriculum--especially in those schools
which have access to this natural teaching laboratory.
Linsky inaugurated a summer program in 1962 for the purpose
of planning significant experiences in the marine realm.
He urged that one should not try the "go-out-and- see"
approach but plan effectively first.
Soderberg and Thomson (1969) conducted an experimental
summer program organized to determine ways of most effec-
tively introducing the subject of oceanography into the
regular school curriculum. They reported that the students
demonstrated that they had learned many scientific prin-
ciples and had become more experienced in relating the
results obtained in one discipline to other disciplines.
The major part of the program concentrated on the value of
estuaries. Peck and Gary (1971) working with elementary
school children in 1968 brought teams of 4-5 students
to the shore for the purpose of carrying out six different
investigations, including seining and collecting. They
indicated that a mushrooming of oceanographic study was
in the making as more and more people took recognizance
of the oceans' importance.
This emphasis on the environment in general and on
marine habitats in particular, provides a major thrust
5towards enlightening teachers toward the use of field
studies. For only through exploration in situ will
students ue able to grasp fully the series of interwoven
concepts reflected in the present struggle for global
survival
.
Need for the Present Study
Marine sciences has been a neglected subject at the
secondary school level. Perhaps inconvenient location,
lack of teacher preparation, insufficient administrative
support, or the absence of a basic text or field manual
has deterred a more concentrated effort in this direction.
At the present time there is no marine biology field
study manual designed for use at the secondary level. At
best the biology teacher may receive in-service training
at various summer or in-service institutes but then is
left to his own devices to develop appropriate curriculum
material for his students. In the writer’s instance it
was precisely this experience which compelled the develop-
ment of such materials and brought about the recognition
that their availability to other teachers might be of
service to them. It is hypothesized that the absence of
a guide may be a contributing factor to the lack of more
marine biology teaching and could be overcome if some kind
of directional material is made available.
6Statement of the Problem
The purpose of this study was: (1) to develop four
marine biology field exercises as part of a marine field
study guide that might prove to be of value to secondary
school biology students in the study of the intertidal
zone; (2) to measure the relative value of the four
exercises in terms of how well each develops an under-
standing of certain specified scientific concepts and
principles as judged by an evaluating panel; and (3) to
determine the relative adaptability of the field exercises
to biology courses presently being taught at the secondary
school levels as judged by the same evaluating panel. In
addition, certain other information about the evaluators
participating in the investigation was systematically
sought relative to their training in marine biology and
whether field trip time was available to them.
Definition of terms . A field exercise is defined as
work involving measurement and data collecting performed
by students outside of the classroom environment, or work
carried out in the classroom which is clearly done to
teach skills necessary for field work.
Limitations of the study . The conclusions reached
in the present study are based on the assumption that
the evaluators had sufficient insight into the teaching
art to judge the extent to which student participation
in a selected experience is likely to result in student
understanding of certain specific science concepts and
principles
.
Survey of the Literature
The educational concept of field enrichment, that
of utilizing the great outdoors as a supplementary class-
room, has only infrequently provided teachers a core for
the development of a natural science curriculum. Though
no method of instruction has as yet been singled out as
the "most desirable" or "best suited" in past studies, it
is generally conceded that the depth of teacher motivation,
resource convenience and student interests are the best
measures of determining curriculum (NEA Research Division,
1970) . At this time it might be pointed out that teachers
fail to use resources at hand and some of this stems from
the lack in their own training. According to Greene (1968)
there is a singular lack of field experience in the nation'
teacher- training institutions.
Some schools and school systems have attempted to
overcome this deficiency by instituting their own teacher-
preparation programs. One such endeavor reported by Meyer
and Postlethwaite (1970) took place in South Wales,
Australia. There since 1962 field studies have been used
in order to train teachers to integrate field studies into
the curriculum. In current American practice many
8secondary school science courses do not stress the out-
of-doors (or, for that matter, even in- school "field
trips") with perhaps three notable exceptions: the
BSCS (Biological Sciences Curriculum Study) Green Version,
SCIS (Science Curriculum Improvement Study) and ISCS
(Intermediate Science Curriculum Study). Offered in some
of the nation’s schools they incorporate field exercises
in the study of ecology.
Educational history at its earliest certainly does
not lack mention of field activities as part of the learning
process. Beidleman ( 1952 ) quotes Jean Jacques Rousseau
in Emile written in 1762 :
You wish to teach this child geography and you
provide him with globes, spheres and maps. What
elaborate preparations! ’What is the use of all
these symbols; why not begin by showing him the
real thing so that he may at least know what you
are talking about?
as well as another inference to the lack of teacher imagina-
tion :
Never substitute the symbol for the thing
signified, unless it is impossible to show the thing
itself.
Johann Pestalozzi introduced the field trip idea
in 1805 by stressing the out-of-doors as the core of
learning. Jean Louis Agassiz, often called the father
of American marine biology, in I84.8 reflected (Jordan,
1947 )
:
One should study nature not books.
9and reiterated this philosophy by expressing further
pronouncements such as:
If you study nature only in books, when you
go out-of-doors you cannot find her,
and,
It isn’t only textbooks we want but students.
This American scientist and educator perhaps summed it up
best. His pronouncement that the book of nature is always
open calls for the use of the field as the classroom more
urgently than any other teacher in the western hemisphere.
Yet, since Agassis’ time there have been few in-depth
studies pertaining to the effectiveness of outdoor
science activities.
During the past forty years only five studies have
been published in scientific and science education journals
and periodicals that are directly concerned with the value
of secondary science field trips (Sorrentino and Bell,
1970 ). Grinstead’s (1929) pioneer study attempted to
determine the extent to which informational gains were
made in utilizing the field trip technique in the teaching
of commercial geography. In a series of experiments
bright and above average students were rotated through a
variety of classroom techniques and then were compared
to students of similar intelligence who experienced field
trips. On the basis of the experiments Grinstead concluded
that there were significant gains in knowledge for both
10
the bright and above average students who used the field
trip technique. Atyeo (1939) evaluated the use of the
field trip (in general) : (a) by inspecting statements
from six authorities and (b) by the use of a teacher
questionnaire in which the teachers were asked to list
certain student reactions during field trips. The follow-
ing advantages of field experiences were described:
1. an awakening of interest and appreciation in the
field of study and in related studies,
2. provision of the concrete, first-hand experiences
which give direct and personal knowledge of the
environment,
3. development of keenness and accuracy in
observation, and
4. longer retention of the knowledge acquired through
its means than of that gained under other methods of
instruction
.
Fraser (1939) evaluated the outcomes of an eleven
day trip taken by students through the Tennessee Valley
Authority Region in order to study science as well as
the social problems of the area. Employing a variety of
methods to determine outcomes of the field trip technique,
he concluded that there was no significant difference in
student attitudes before and after the trip but that
informational gains were shown to be a major advantage of
this type of activity. In conjunction with a unit on
conservation Harvey (1952) studied the effect of the
field trip upon the development of scientific attitudes
11
of two matched groups of ninth graders, a control group
subjected to regular classroom teaching procedures and an
experimental group that used field techniques. Based on
standardized test scores, he found that the increase in
scientific attitudes for the experimental group was sig-
nificantly greater than the gain for the control group.
Benz (1962) using four randomly selected groups of
ninth graders studying earth science attempted to measure
the value of field work. Two groups studied local geology
by means of slides while two other groups studied the
same material via field trips. Test results indicated
that the field trip groups learned significantly more
information about local geology than did the slide study
groups. Two additional studies concerned with the value
of field trips as reported by Delaney (19&7) have con-
tributed to the overall information compiled about work
done in the field.
Sorrentino and Bell, as a result of their research
done in 1970, noted that there was very little evidence
against the field trip concept and until further evidence
is presented, such activity should be part of the teaching
of secondary science.
Beidleman (1952) as a result of investigating the
history of the use of field trips in teaching, lists the
following reasons why field trips should be used:
12
1. the student sees what he's studying,
2. problems are solved and knowledge is gained away
from the textbook,
3. students have the opportunity to exercise
resourcefulness and self-discipline,
!{.. field exploration brings out the spirit
of adventurous research,
5. utilizing the field provides a variety
in the teaching schedule, and
6. learning becomes a cooperative rather than an
autocratic arrangement.
Buerstatte (1968) in his study. Benefits of the
Field Discovery Approach to High School Biology Students ,
attempted to determine whether the field "discovery"
approach is superior to the field- lecture approach in
teaching ecological relationships. He was interested in
the following questions:
Does the field-discovery approach benefit the
student in
:
1. observing ecological relationships, and
2. explaining ecological relationships?
He compared two pedagogic methods, namely (a) one in which
the student defined his own field problem, organized and
made his own discovery, i.e., wasn't led (the teacher
served as a resource person in this case), and (b) the
teacher-centered field study. The results showed that
the discovery group outperformed the control group in
explaining ecological relationships. On the basis of
his study he recommended that the teacher:
13
1. orient students to field biology first,
2. allow students to choose their own interest,
3. aliow sharing or group according to interest, and
4« ask for progress reports week by week.
Buerstatte further recommended that:
5. progress reports should be carefully analyzed by
the teacher,
6. the academic student be counseled to pursue the
field-discovery approach,
7. two hours (at least) should be available on a
field day, and
8. field-discovery be undertaken by teachers
concerned with individual needs but faced with a
large enrollment.
Richard (1969) and Balzer (1971) contend that field
trips provide an excellent opportunity for enrichment and
offer experiences to the student in a more realistic
environment. Bullington and Wittrup (1970) are of the
opinion that field studies are unique happenings for
most students. Balzer (1971) on the basis of investigating
the literature further claims that field work offers
experiences to the student in an environmental setting
which the classroom cannot hope to duplicate.
A cursory study by W. E. Martin in 1949-19^0 (reported
by Swift, 1969) revealed that out of 786 schools, field
trips and excursions were used by 61.7# as a supplement to
classroom instruction . An average of 5.2£ trips were
annually taken by biology classes. However, detailed
14
studies have yet to be made of extending the classroom
limit beyond fixed walls.
Fowltr, Song and Choi (1970) described how practical
experience in the field can become important to even a
nation’s economy. Their work with Korean high school
students proved to be significant to the economy of South
Korea. High school students working in this writer's
own classes, while not influencing a national or even
a state standard, did contribute to a community' s under-
standing of the importance of seashore preservation and
conservation.'*' Awareness of such things as seawall and
beach erosion, harbor dredging and a general appreciation
of the importance of the coastal region came about as a
direct result of outdoor intertidal zone exploration.
This experience helped provide a basic understanding of
issues of concern in a small coastal town and developed
an informed citizen able to vote intelligently upon
dollars and cents questions.
The study of the use of field investigations has
not been limited to the junior and senior high school
level. Colleges and universities are becoming more
involved with field studies. In some institutions field
trips are an integral part of the curriculum. Mangum
and Mertens (1971) in a study of introductory ecology
"''Manchester Jr- Sr High School, Manchester- by- the-
Sea, Massachusetts. Grades 10 and 12 biology classes.
15
courses reported that approximately 75$ of 195 respondents
among 2lp0 colleges surveyed used the field for 50$ of
their laboratory time. They further discovered that 65$
of these required at least one extended field trip and
about 43$ required overnight trips. Welker (19?0) and
Stencel (1972) described one such venture by a class
of junior college students as they toured the southern
states and concentrated on estuary environments. Some
colleges have even invested in mobile laboratory equipment
in order to cover more extensively experiments outside of
the formal classroom situation. Johnston, Ciullo and
Gilmore (19&9) have written about the Mobiolab I of
Nasson College--a laboratory on wheels that brings the
tools of the lab to the appropriate site in the field.
The present work is an attempt to provide a detailed
curriculum for students at the high school level in which
the intertidal zone is not only studied as an ecosystem,
but where broad scientific principles are designed to
emerge in the process.
16
CHAPTER II
DEVELOPMENT OF THE FIELD MANUAL
Background Information
The marine environment served the writer a 3 a source
for a supplementary block of teaching material. Originally
it was transmitted to the student in the barest detail and
utilized simply as enrichment for general biology until 1963.
That year a new educational potential was perceived in the
(1) dynamic qualities of the intertidal zone region, and
(2) the staggering effects on all life as a consequence
of marine pollution.
This awareness emerged as the result of attending an
NSF (National Science Foundation) Summer Institute in
marine biology. Thereafter the secondary biology courses
taught in a small high school in a coastal town in
New England were expanded into an active field study
approach centering on the local seashore. However, the
summer institute, while providing background information,
training and experience, did not furnish a field manual
or planne i program of studies for the participants. Thus
it was left to the teacher to develop plans for integrating
marine topics into the curriculum.
Many trial-and- error experiments ensued. Biology
17
classes participated in marine field trips ranging from
simple introductory walks to detailed investigations.
Gradually certain biological and ecological principles and
concepts began to emerge as central in the study of the
marine intertidal zone. Each year brought further develop-
ment and modifications of the teaching material. The
range of students participating and the updating of in-
formation resulted finally in a manual of which the four
exercises evaluated in this study are representative.
Each exercise has been field-tested by students (approx-
imately £00 over a span of seven years) and their ideas
and suggestions incorporated.
Equipment Needs
A practical aspect of each investigation is the
type of equipment used. Students were encouraged to
construct their own whenever possible. This led to the
development of inexpensive measuring devices and imple-
ments. . Each class contributed its ideas and improvements
were made from one year to the next. Though collecting
pails, nets, spades and mapping compasses had to be pro-
vided, total expenses were kept low because of teacher-
student resourcefulness. Eventually as the course
developed a field-test kit was provided. Other chemicals
and glassware were gradually purchased and in many in-
stances shared with the chemistry teacher. Microscopes,
18
dissecting scopes, pans and other hardware were already
part of the biology laboratory’s supplies and had little
additional effect on the budget.
Reference books, journals and identification keys
were also added on a gradual basis. The students learned
to use the keys with accuracy and developed a keen sense
for evaluating findings, independently seeking answers to
questions, and contributing to student seminars. Separate
indices were compiled for references most often used during
the course. A measure of the use of the references wa 3
the need for their replacement twice because of wear and
tear during the seven-year period.
School and Science Department Philosophy
The writer was fortunate to be teaching in a school
system whose administration and faculty shared the belief
that the community was central to the aims of education.
The report of the ten year evaluation committee, repre-
sentative of the New England Association of Colleges and
Secondary Schools (1968) commended the town and school
personnel for its forward-looking goals in learning and
teaching, and indicated that the close relationship of
the school with the community played a definite role
towards meeting this end. This relationship was the
result of many years of hard work and planning which
gradually came to fruition over a period of time.
19
The science department expressed the general philos-
ophy of continuity between theory and practice in its own
statement of direction as written in the syllabus (1967)
:
Establishing scientific thinking; incorporating the
scientific method of problem solving; measuring on a
quantitative basis; working with scientific apparatus;
using outside references and field work; applying
wherever possible, and relating the formal academic
work to practical, everyday problems, using the con-
ceptual scheme and scientific learning process in
other academic areas— all form the framework of the
science program. The staff is encouraged to devise,
initiate and experiment with any approach that it
deems necessary in fulfilling the above.
Each department was encouraged to take field trips and a
liberal attitude was adopted by all faculty members with
respect to classes missed since the feeling was that
everything would even out over the long run. In order to
insure faculty rapport and to avoid misunderstanding, an
announcement concerning the date and time of field trips
was generally distributed 1-2 weeks ahead depending on
the teacher involved. Some faculty members wished to have
two weeks advance notice while others desired to be in-
formed one week ahead. For example, if classes in English
and American History were to be cancelled on the day of
the biology trip, say, a Thursday, the notice would read:
The Biology A class will be engaged in a field
trip during C and D Blocks on Thursday, (day and
month). If this, in any way, is inconvenient for
you please let me know so some other arrangement can
be made
.
(Teacher)
20
The notices were sent specifically to the members of the
faculty directly affected by the scheduling of the field
trip.
If lunch away from the school was part of the field
trip schedule the cafeteria personnel were also notified
in order to avoid extra food preparation for that day.
Daily bus schedules could not be interfered with so care-
ful planning for travel time to and from the field site
was mandatory. Each of these considerations had to be
faced in order to insure the involvement and cooperation
of the total school, since it was only by involving the
entire school community that outside activities avoided
becoming disruptive and were perceived by all to be
Important and beneficial.
Development of the Exercises
Initially, trips to the seashore were taken during
the fall and spring. Later the schedule was expanded to
Include the winter months and one special summer offering.
A favorite specimen-collecting area was a small cove
bordered on two sides by rugged boulders and rocks and
whose upper ridges were fringed by eroded bankings and
patches of grass and shrubs. A muddy beach separated by
a road from a marine swamp formed the inner edge of the
cove. Low tide revealed a variety of habitats. A class
was usually divided into i\. or 5 groups each involved with
21
a separate project, e.g., seining, collecting, sampling
and plotting distinguishing features.
Following each trip the class would hold "data
discussions" and it was during one such meeting that a
group of students produced a rough map they had sketched
of the cove area they were investigating. The map met
with such approval from the others that they suggested
mapping future projects even more accurately. A brief
lesson in triangulation followed and the next class
period was spent mapping the school grounds. This led
to the eco-map exercise, a more refined and detailed
operation using mapping compasses. Although errors were
abundant at first (failure to locate north, too few land-
marks and forgetting to measure the base line), with
practice students began to produce excellent maps. They
were named "eco-maps" since ecological data were recorded
on them. Indeed mapping became such a popular project
everything around the school was mapped; the football
field during study periods, the region near the golf course
during biology classes, and, after school hours, a play-
ground. As proficiency was enhanced each trip to a new
coastal area produced a corresponding map. The maps were
displayed around the room and modified from year to year
as subsequent classes added data, verified azimuths and
updated peripheral changes.
Studies of marine populations were particularly
22
popular with biology students. Sampling by means of the
line transect technique (digging holes of 1 ft. 3 every
10 to 15 meters and then sifting the material) became a
basic exercise as classes studied coves or beaches. Sifters
of different mesh sizes were constructed and improved.
Since students appeared skeptical that sampling in this
manner was accurate enough to be indicative of what really
lived in a certain region, a more convincing example was
introduced by way of the "artificial" population lab
exercise. Experiencing this exercise first made subsequent
transects (and later quadrat studies) more convincing and
as a result the students appeared to work with more patience
and therefore with more skill.
Population measurements were made of rocky tidepool
areas as well. Generally the tidepools had served mainly
as sites for observation and the collecting of the many
specimens of representative flora and fauna. These pro-
vided material for experiments in developing ecosystems
in the laboratory. The shortcomings of the aquarium
soon became apparent, however, to the students and they
returned with renewed interest to field studies. 'This
stimulated the devising of the quadrat sampler which soon
expanded into the line transect study (sampling a series
of tidepools established in a line from low to high water).
The final step in developing the exercises included
in this study was to integrate chemical and microbiological
23
analyses. These were added to the tidepool investigations
as a result of the many questions repeatedly asked by the
students as to why populations fluctuated, sometimes to
extremes. The small investment in BOD bottles, bacteri-
ological media and the sundry chemicals necessary for con-
ducting tests on seawater again proved to be only a minor
part in developing this program. Only the field-test kit
was relatively expensive, though on the basis of per capita
use spread over l\. - 5 years the cost amounted to only
$0.12 per pupil, a trivial cost in relation to the learning
experiences it provided.
21*
CHAPTER III
STRUCTURE OF THE STUDY
The Evaluation Technique
The use of a questionnaire for survey purposes has
been utilized frequently in past studies. Herriot (1969)
included the questionnaire in his description of the
instruments available to the survey researcher. Listing
the advantages and limitations of each instrument he con-
cluded that the basic method of a survey consisted of a
number of alternatives: self- administered mail question-
naires, individual interviews, group interviews or group
administered questionnaires. Scates and Yeomans (1950)
added to this by providing a summary of criteria for use
in constructing a questionnaire. Sellitz (1959) gave
additional suggestions for developing a sound question-
naire and included suggestions concerning length. Doby
(1954) suggested 5 specific ways to avoid errors in con-
structing a questionnaire.
Vinal (1953) used the survey as a measuring device
in the form of interviews, questionnaires and census-
taking. He collected data that dealt with nontraditional
practices in training students for outdoor leadership at
Massachusetts Agricultural College, Amherst, Massachusetts.
25
The questionnaire was employed by Kostrinos (1970) in the
mid~1960’s. Sufficient data were gathered to reach con-
clusions that secondary school biology courses are going
through extensive revisions. Trent (1972) used a ques-
tionnaire in measuring the status of environmental educa-
tion in colleges of education. Approximately 700 respon-
dents were employed in his study.
Oftentimes the questionnaire is closely related to
the utilization of a jury or panel of experts in gathering
information. Obourn (195&) in trying to determine the
assumptions employed in ninth grade general science that
may be supplemental to observed data, selected exercises
out of a potential 1,066 for analysis. Three juries,
composed of 7 groups of 4 jurors each, participated in
the survey. The analysis resulted in the identification
of 212 original assumptions. A second part of the survey
was aimed at how ninth grade general science teachers make
provisions for these assumptions in their teaching pro-
cedures. Henson (1970) selected subject specialists in
five specific earth science areas and asked each to judge
the validity of tentative earth science principles.
Kaufman (1972) evaluated units from three elementary
school science programs (ESS, Elementary Science Study;
SCIS, Science Curriculum Improvement Study; and SAPA,
Science - A Process Approach) and employed a panel of
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judges known to be competent in elementary science educa-
tion for the purpose of measuring their reaction to the
units. A second group of evaluators, consisting of pre-
and in-service elementary science teachers, directed their
reactions toward the degree of acceptability of the modules
being measured. McKibben, in two studies (1955) used the
jury system to measure (a) the desirability of certain
biological principles, and (b) laboratory activities that
appeared to be representative of most secondary biology
courses. A questionnaire was supplied to science educators
and teachers in this evaluation.
Lawlor (1970) used a similar technique utilizing
25 outstanding science educators to judge research studies
in terms of usefulness. In this case a 5-point scale
ranging from poor to exceptional was employed. Twenty
judges returned their ballots. Each had evaluated an
average of 60 of the 136 articles under consideration.
Of these, 21 were considered to be "most useful" and were
later reported on extensively; the remainder were annotated.
Glidden (1956) invited one team of specialists to evaluate
which soil and water conservation principles should be
developed at the secondary school level, how well they
were learned from life inside and outside the school,
and whether modification was needed in school conservation
curricula. A second group of specialists was asked zo
check for accuracy of subject matter, omissions or
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duplications. The final list was then evaluated by two
groups of specialists (science educators and secondary
science curriculum experts) and a measure of the adapt-
ability and importance of the principles was noted. Thus
the employment of a questionnaire and a qualified jury
consisting of both expert judges and/or teacher evaluators
has been established as an acceptable method of curriculum
evaluation.
The Evaluation Process
Four investigations in intertidal zone biology were
prepared for evaluation (Appendix V). These were developed
by the investigator during 196 3- 1970 and were student-
tested in the field by high school biology classes (grades
10 and 12). The four exercises represent approximately
one- third of a field manual presently being designed for
use as a supplement to current biology courses. The
selection was based on the close relationships and con-
tinuity of the exercises. Thus, eco-mapping (Exercise I)
forms a base for the work that follows, since data can
subsequently be recorded on student- made maps. The
artificial population laboratory (Exercise II) was designed
to build confidence as well as practice in population
sampling techniques carried out in the last two exercises.
Cornell (195^) states that the defining of the
population and the drawing of the sample from the deiinea
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population is a most important aspect of the research
technique which employs the mailed questionnaire. For
this study a list of names of bioj.ogy teachers whose home
or teaching address was within a one or two hour drive
from the nearest coast was supplied to the writer by a
national science teacher organization. An additional list
of participants in the Bowdoin College program of Marine
Biology offered every summer since 195>9 was procured from
the program’s director. A panel of Iq judges was formed
based primarily on the recommendation of a member of the
staff of Fisheries and Wildlife at the University of
Massachusetts. Later an additional member was added to
the panel based on the testimony given by a science
educator also teaching at the University of Massachusetts,
School of Education.
A survey questionnaire was prepared for use by a
panel of evaluators composed of (a) 5> judges known to
have familiarity with field investigations in their
teaching regimen-- all having a major interest in natural
sciences, and (b) l\.0 secondary school teachers, 20 known
to have participated in the National Science Foundation
Summer Institute course in marine biology, held at
Bowdoin College, Brunswick, Maine, and 20 whose back-
grounds In marine science were unknown. All I4.O teachers
chosen lived and/or taught within easy reach of coastal
regions from Maine to the state of Washington. All 5
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the judges (four of whom were in the process of teaching
courses in wildlife science— fisheries and forestry--at
the University of Massachusetts, Amherst and the fifth
was a high school teacher with many years of experience
in teaching marine science and developing secondary
biology curricula) agreed to evaluate the exercises.
Twenty-eight of the [j.0 secondary school teachers returned
affirmative responses to the initial letter of inquiry.
This gave 33 evaluators who were each sent a packet con-
taining the exercises and questionnaire.
Previously two in-service teachers and a student
majoring in education at a local university were asked
to pretest the initial questionnaire. This was done for
the purpose of (1) acquiring feedback concerning the
content and clarity of the exercises, and (2) measuring
how much time was involved in the evaluative process.
Some corrections were necessary and an average time
factor of three and one-half hours was determined.
Of the 33 respondents, 27 (all of the judges and
22 secondary school teachers) returned the completed
questionnaire. For purposes of distinction between the
two groups, group (a) (above) will be referred to as
"judges" and group (b) designated as "teachers" through-
out the study.
The questionnaire consisted of three sections
(Appendix I). In Section I the evaluators were requested
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to supply personal information relating to their background
and teaching experience. Section II called for the
evaluation of the four exercises and Section III asked for
general comments. Sections II and III were the same for
all 27 evaluators. The five "judges” were asked for
information concerning their teaching experience, present
teaching activities, marine experience (teaching and
training) and the amount of fie Id- study time presently
incorporated in their classes, as well as opinions on the
value of field work. The "teachers" were also requested
in Section I to reply to similar questions but were asked
to provide as well detailed information concerning their
training in marine science and additional details about
field- trip time, school regulations regarding field trips,
and distance from coastal areas. They were also asked to
give their present teaching schedules.
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CHAPTER IV
ANALYSIS OF THE STUDY
Personal Information
Judge
s
. Two of the five judges had teaching experience
at the secondary school level and both had training in marine
field studies. A third judge also indicated receiving pre-
vious marine training (Table 1). Of the three, two had
teaching experience in some aspect of marine science. Four
regularly used field trips and spent more than 2 hours per
semester course in the field. The judge with the most
experience in marine programs was currently teaching marine
studies at the high school level. Judgement of how field
work enriches subject matter was indicated by use of a
checklist composed of three choices with the option to
write additional comments (Table 2). Four of the five
thought that field work illustrates biological and/or
ecological concepts and two gave positive responses to
field work as emphasizing the "real world." Two also
thought that field work provides a more appropriate
setting for various quantitative analyses than does the
classroom. Only one evaluator wrote an additional opinion
for this section directing his comment to the role of
individual marine organisms and how field study could
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TABLE 1 . --Experience and Background of the Judges
(N=5)
Personal Information Judges
Total Percent
1 . Have taught at the junior or
senior high school level. 3 60
2 . Have had training or courses
involving marine field-work
as part of their undergraduate,
graduate or special institute
training, i.e., summer, academic
year, or in-service. 3 60
3 -
a. Have taught or are presently
teaching some aspect of marine
science
.
2 I4-O
b. Kinds of subject matter in
relation to part a."*
1. physical oceanography 1 20
2. marine biology (general) 2 ko
3. intertidal- zone biology 2 ko
I4.. chemistry of the sea 1 20
history and geography of the
sea 1 20
*No specific time was requested for each area of
marine subject matter taught.
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TABLE 2. --Field Trip Utilization and Analysis of
Field Work Value (s) by Judges (N=5)
Field Experience Information Judge s-:s-
Total Percent
1. Use field trips in teaching.
2. Amount of field trip time:
4 80
a. 1 class hour per semester
course
.
— -
b. 2 class hours per semester
course - —
c. more than 2 class hours per
semester course. 4 80
3. How does field work enrich
subject material?
a. illustrates application of
biological and ecological
concepts
.
4 80
b. emphasizes the "real world.” 2 40
c. provides the proper setting
for different kinds of
quantitative analyses. 2 40
*One judge gave no reply on this part of the
questionnaire
.
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emphasize this aspect of intertidal zone study.
Teachers
. Ten (45* 5%) of the 22 teachers had attended
the Bowdoin College institute and eight (approximately 36$)
of the rest had also received marine biology training from
other sources. This gave a total of approximately 82$ of
the teachers with marine training of some kind. (Appendix
II gives a complete list of each teacher’s training in
marine science.) Thus, only four or 18$ were untrained
or lacked formal education in marine studies. Further
examination of the background information revealed that
the prior experience ranged from one week (1 teacher) to
one academic year (2 teachers) . The majority had spent
a summer (an average of 6 - 8 weeks) in specialized
marine education. As opposed to the teachers, the judges
were not asked for detailed information concerning their
marine training background.
An interesting observation emerging from background
data was that 7 (about 39$) of the 18 trained teachers
were not teaching any marine science. The remaining 11
teachers were engaged in teaching a variety of marine
subjects. Table 3 contains details of the subject matter
currently being taught by each teacher. (Note: for con-
venience of reporting and interpretation, each teacher
was assigned a number, 1 - 22 , and this code is applied
to Table 3 and Table 4 as well as Appendices II - IV.
The amount of time spent teaching marine subjects
TABLE
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is shown in Table 1^. It will be noted that only one
teaches all five categories of marine science and devotes
more than two weeks to each. The remaining 9 teachers
(one did not list the amount of time spent in teaching
each subject) indicated that they spent various periods of
time on one or more aspects of marine science.
It was also interesting to note that of the eleven
teachers currently active in teaching marine science,
three were not allowed field- trip time by their school
administration. Six of the remainder were allowed ex-
panded time (beyond the allotted class period) for field
trips, and the rest (2) had to fit field trips within
the regular class period. Only one teacher in the above
group was located more than one hour’s distance from the
shore (and she was not allowed to take classes on field
trips). Proximity did not seem to be a determining factor
as to whether or not marine subjects were being taught
(Table 3).
The types of courses and grade-levels reported
(Appendix IV) showed that a wide variety of science
subjects were being taught, the majority in the biological
sciences (86$). The grade levels ranged from 9-12.
Of the 11 teachers engaged in teaching marine subject
matter, all were teaching biology or closely related
subjects. Only one had an additional assignment in the
field of chemistry. Two listed marine science or marine
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biology specifically. Thus the teachers and the judges
appeared eminently qualified to evaluate the material
submitted to them.
Evaluation of the Exercises
Since both judges and teachers used the same evalua-
tion scale, the raw data could be translated into an
overall frequency distribution. However, to distinguish
between the two groups of evaluators, the scores were
listed separately with totals given in parentheses
(Tables £ - 8) . Each scale consisted of five sections:
superior above below
average average average inadequate
I 2 3 4 5
“
Scores were derived on the basis of how close each response
was to the 5 major divisions. For example, a notation
halfway between 1 and 2 was scored as 1; a mark 3/4 of
the distance between 1 and 2 was tallied as 2.
Each exercise contained a number of scientific con-
cepts and principles to be evaluated. A mean score to
the extent that each exercise developed an understanding
of each concept or principle was derived using the
formula: f jXjVn where equals the number of choices on
the scale (or scores 0 - 5) the evaluation (each
exercise, 1-4) and n = number of evaluators (27).
Variability or standard deviation (Sx ) was calculated
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mean and standard
Standard Deviation
V n - 1
Totals for each
deviation) are listed
Exercise
M n - 1
exercise (average
below
:
Mean
I 2.17 0.92
II 1.92 O .83
III 2.09 0.91
IV 2.05 0.91
A standard deviation of less than 1.00 indicates that the
largest percentage of the ratings fell between approximately
1 (superior) and 3 (average), or above average for each
exercise. Translated into percent distribution (Table 9)
this means that close to 92$ of the ratings were between
1 and 3 as shown:
Exercise Percentage of Scores
Between 1 and 3
I 90.21$
II 95.50$
III 90.14.$
IV 92
.
73%
General Comments
Section III of the questionnaire was a measure of
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TABLE 9.
--Percent Distribution of Scores (Judges and
Teachers Combined), Exercises I - IV and
General Comments Section (N=27)
Scale Value
Items
No
Response
0
Supe-
rior
1
Above
Average
2
Average
3
Below
Average «
4
In-
adequate
5
Exercise
a.
I
25.92 40.74 25.92 3.70 3.70
b
.
- 11.11 55.55 14.81 18.49
c 3.70 40-74 37.37 18.49 - -
d. - 25.92 37.37 29.62 3.70 -
e 3.70 25.92 37.37 29.62 3.70 -
f - 14.81 51.85 25.92 3.70 3.70
Exercise
a.
II
40-74 48.14 11.11
b. - 25.92 44.44 25.92 3.70 -
c. - 40.74 44.44 11.11 3.70 -
d. - 29.62 44.44 14.81 7.40 3.70
e
.
- 33.33 40.74 22.22 3.70 -
Exercise
a.
III
3.70 14.81 25.92 29.62 25.92 .
b. 3.70 22.22 33.33 33.33 7.40 -
c - 25.92 44.44 29.62 - -
d. - 44.44 40.74 7.40 7.40 -
e - 40.74 48.14 7.40 3.70 -
f. - 29.62 29.62 33.33 7.40 “*
Exercise
a
.
IV
37.37 40.74 14.81 7.40
b. - 33.33 48.14 11.11 7.40 -
c - 18.49 51.85 18.49 11.11 -
d. _ 18. 49 40.74 37.37 - 3.70
e — 40.74 37.37 14.81 7.40 —
f. - 29.62 40.74 22.22 7.40 -
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TABLE 9.-- Continued
Scale Value
Items
No
Re sponse
0
supe-
rior
1
Above
Average
2
Average
3
Below
Average
k
in-
adequate
5
General
Comments
a
.
3.70 25.92 37.37 14-.81 7.40 11.11
b. 3.70 29.62 37.37 22.22 7.40 _
c. - 37.37 37.37 18.49 7.40 _
d. 7.40 3.70 40.74 25.92 1I+.81 7.4-0
e 3.70 29.62 25.92 29.62 3.70 7.40
Note: Shown below is a representative portion of the
% correlation to f (no. of evaluators).
f 1o
1 = 3.70
2 = 7.4-0
3 = 11.11
k = 14-.81
5 = 18.50
27 100.00
51
the compatibility between the exercises and their use in
secondary school biology curricula. It also provided
information in the form of written comments concerning
format and content of the four exercises.
Curriculum, use
. The same scale of 1 - 5 with a
corresponding range of superior to inadequate was employed.
The average mean of 2.21 was slightly larger than those
computed for the exercises and the variability (1.16)
of the ratings also showed a wider spread (Table 10).
This may be attributable to the broad range of classes
(grade and achievement levels) taught by the teachers,
and to the very varied teaching experience at the
secondary level of the judges.
The percent distribution for this section (also
listed in Table 9) again showed favorable responses;
approximately 83$ of the evaluators indicated rankings
between 1 and 3* Thus, better than four-fifths of the
judges and teachers thought that the four exercises
were appropriate for inclusion at the high school level.
Exercise format and content . Twenty of the total
evaluators expressed various kinds of comments concerning
the four exercises. For the most part the comments were
favorable and in some instances the respondents suggested
changes. A few of the suggestions were redundant simply
reexpressing previous responses indicated earlier in
Section II of the evaluation. Correlations between raw
TABLE
10.
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Comments,
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I
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IV
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scores and written comments were evident for the most part.
However, better than half stated that the exercises were
needed at the secondary level and two evaluators (both
teachers not teaching marine science at the present time)
expressed future plans to incorporate the manual into
their teaching.
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CHAPTER V
SUMMARY AND CONCLUSIONS
Summary
Restatement of the problem
. The purpose of the
present study was: (1) to develop four marine biology
field exercises as part of a marine field study guide
that might prove to be of value to secondary school
biology students in the study of the intertidal zone;
(2) to measure the relative value of the four exercises
in terms of how well each develops an understanding of
certain specified scientific concepts and principles as
judged by an evaluating panel; and (3) to determine the
relative adaptability of the field exercises to biology
courses presently being taught at the secondary school
level as judged by the same evaluating panel. In addi-
tion, certain other information about the evaluators par-
ticipating in the investigation was systematically sought
relative to their training in marine biology and whether
they had available field trip time in their teaching.
Plan of the study . The investigator developed four
marine field exercises designed for use with secondary
school biology classes. Each exercise was intended to
develop an understanding of certain scientific concepts
56
and principles. An evaluating panel was secured to act
in determining the relative potential value of each
exercise in developing an understanding of certain
selected scientific concepts and principles. An evaluation
instrument was developed which was used to procure the
opinion of the panel members on the relative contribution
each exercise could be expected to make to the under-
standing of the selected scientific concepts and prin-
ciples. Appropriate statistical techniques were applied
to the data in order to establish mean and standard
deviation values, as well as percent ratings.
Results and Conclusions
The four field exercises were rated as follows:
Eco-Mapping (Exercise I) was judged to be an above average
investigation ao were the exercises of Transecting (III)
and Tidepool Studies (IV). Exercise II, Artificial
Population Laboratory, rated well above average, close
to superior. On an overall percentage basis the four
field investigations were evaluated by 92% of the 27
assessors to be between average and superior in developing
an understanding of certain selected scientific concepts
and principles. Thus on the basis of the opinions of
the evaluators used in this study it would seem that the
field exercises successfully met the objectives stated
for each.
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The conclusion was reached that the four field
exercises are adaptable for use at the secondary school
level, since approximately 83^ of the evaluators judged
them to be above average in meeting the following criteria:
The investigations: (a) are versatile enough to be part
of any secondary school biology course for students of
at least average ability; (b) encourage student questions;
(c) offer alternative projects for students; (d) are
written at a reading level suitable for the average high
school student; and (e) include enough material so that
even without supplementary materials the beginning student
in intertidal zone biology benefits.
Background information supplied by the judges and
teachers relative to their marine training and teaching
indicated that eighteen of the twenty- two teachers had
previous training in marine science and eleven of these
teachers ( 61$) were currently teaching some aspect of
marine science. Three of the five judges also had re-
ceived marine training. Sixteen of the twenty- two teachers
were allowed to take classes on field trips and ten were
permitted to extend field trips beyond their allotted
class time. As a part of their teaching, four of the
judges were using the field excursion more than two class
hours per semester course.
Four marine intertidal zone field exercises have
been produced which are potentially valuable to biology
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teachers living within driving distance to the seashore.
The study produced not only four exercises for the study
of the intertidal zone by high school students, such
guides being hithertofore nonexistent, but also identified
some of the scientific concepts and principles, the
understanding of which, would be increased by students
who use the field exercises. Because very specific
learning outcomes have been identified for each of the
four exercises, the useability of the field exercises
has been increased for those teachers who would like to
write their objectives in behavioral terms.
The present study was based on the assumptions
that: (1) teachers are failing to use the marine
environment and if a field manual or guide was available
for their use more teachers would undertake the study
of the marine intertidal zone with their classes; (2) even
teachers with training in marine science are not neces-
sarily utilizing these knowledges and skills in the
classroom; (3) the marine intertidal region can be used
to teach specific scientific concepts and principles;
and (Ij.) the intertidal zone can be included in teaching
an awareness of the importance of the environment. How-
ever, it cannot be assumed that just because material is
available and the teacher uses the material that it will
be used effectively with students. Teaching is something
more than presenting students some directions and literally
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saying, "We will use this to atudy that." It involves a
genuine interest in the subject on the part of students
and a desire by them to find answers to questions. Thus
as important as the field exercises is the teacher’s
ability to motivate the students to want to study the
intertidal zone. For some the field exercises will
provide a detailed guide to student study of the inter-
tidal zone; for others the field exercises will only
provide the teacher with a broad outline and the teacher
and students will design their own method for studying
the problem. For some teachers it will be necessary to
provide a teachers' guide with means suggested as to how
they might effectively introduce their students to the
study of the marine intertidal zone.
The four field exercises as a part of a field manual
will provide many teachers with the opportunity to add
to the curriculum subject matter dealing with socially
relevant themes in a community setting. Integration of
subject matter could also be achieved as the field
exercises are extended to include chemical, physical and
geological phenomena associated with the intertidal zone.
Thus it would be possible for the teacher to organize the
curriculum so that both the unity of science and the unity
of knowledge is stressed without unnatural distinction
between fields.
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Recommendations for Further Study
1* Studies are needed to determine how the inter-
tidal zone can be used effectively by teachers of chemistry,
physics and earth science.
2. Investigations are needed to determine the extent
to which the field exercises actually do contribute to
students' understanding of the selected scientific con-
cepts and principles.
3. Future studies could be expanded to include an
evaluation cf how well the exercises develop an awareness
of scientific attitudes on the part of students.
Investigations are needed which indicate the
extent that the use of such field exercises contributes
to student awareness of and student understanding of
pressing social problems and issues.
• Studies should be undertaken to measure the
circumstances which most likely encourage teacher-
utilization of knowledge and skills derived from
past educational training and experience.
APPENDIX I
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THE MAILED QUESTIONNAIRE
Judges’ Evaluation Form
Field Exercises in Marine Intertidal- Zone Biology
for
Secondary Schools
INSTRUCTIONS
:
Read the four exercises carefully. Answer all ques-
tions in Sections I- III. Please TYPE or PRINT CLEARLY
all responses.
SECTION I. Personal Information.
a. Name
:
.
(last) (first) (m. i.
)
b. Name and Location of School, College or University:
(school, college or university) ( street
)
(city or town) (state ) (zip)
c. Grade (s) or Level (s) Presently Teaching and
Course Titles:
Grade or Level Course ( s
)
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d. Indicate by checking YES or NO whether- or- not
you have had any courses or training involving
marine field work as part of your undergraduate,
graduate or special institute training (i.e.
Summer, Academic Year, In-Service, Special
Grants, etc
. ) .
yes | | no I I
e. Have you ever taught at the junior or senior
high school level?
YES
| ] NO | |
f. Do you regularly use field-study or field-
exploration in at least one of the courses
that you teach?
YES | | NO 1 ~~1
g. If your answer for part f. (above) was YES,
answer the following by checking the appropriate
box.
1. one class hour per semester course
j [
2. two class hours per semester course
1 j
3. more than two class hours per
semester course
h. Have you ever taught any courses dealing with
marine science?
YES | | NO 1 |
i. If your answer was YES for question h., fill
in the information below by checking the
appropriate box(s):
Kinds of Subject Matter
1. physical oceanography
2. marine biology (general) [
3.
intertidal- zone biology [
1|. chemistry of the sea
history and geography
of the sea
J. Check how you feel that field-work enriches
subject material.
1. illustrates the application of
biological and ecological concepts
2. emphasizes the "real" world
3. provides the proper setting for
different kinds of quantitative
analyses
Other (describe)
:
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Teachers’ Evaluation Form
Field Exercises in Marine Intertidal- Zone Biology
for
Secondary Schools
INSTRUCTIONS:
Read the four exercises
questions in Sections I- III.
CLEARLY all responses.
carefully. Answer all
Pleas9 TYPE or PRINT
SECTION I. Personal Information.
a. Name:
(last) (first) [m.i.
)
h« Name and Location of School, College or University:
(school, college or university) (street)
(city or town) (state) (zip)
c. Grade (s) or Level (s) Presently Teaching and
Course Titles:
Grade or Level Course ( s)
d. Indicate by checking YES or NO whether- or- not you
have had any courses or training involving marine
field work as part of your undergraduate, graduate
or special institute training (i.e. Summer,
Academic Year, In-Service, Special Grants, etc.).
YES
S
|
NO p
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e
.
If y°ur answer was YES in part d., supply thefollowing information:
1. Where? (Name of 2. Year
school, college Attended:
or university
and location.)
3. Amount of
Time (ex. 1
semester,
6-week summer,
1 academic
year, etc.).
a.
b.
c
.
d.
e
.
4* Type or Course or Training (General Description)
:
a
b.
c
d.
e
.
f. Are you presently teaching any marine science?
YES j ~~| NO | j
g. If your answer was YES in part f., fill in the
information below by checking the appropriate
box ( 3 ) :
1 .
2.
Subject Matter Time Allotted/1/2 Year
Little or Up to 1-2 Morei than
none 1 wk. wks . 2 wks
.
physical
oceanog-
raphy d] [= cH
marine
biology [7 rz: ZZ r J
(general
)
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g- (cont 'd.
)
Subject Matter Time Allotted/1/2 Year
Little
none
or Up to
1 wk.
1-2 More than
wks. 2 wks.
3. intertidal
zone
O
4. chemistry
of the sea
5. history and
geography
of the sea
h. Are you allowed field- trip
schedule?
time in your teaching
YES r
_J NO 1
i. If your answer was YES in part h., complete the
following by checking the appropriate box:
1. as long as
time
it fits into my allotted class
i 1
2. my fie Id- trip time is allowed to expand
beyond the regular allotted class time
j. In terms of driving time, how close is your school
to the nearest marine environment? (Check one)
1. less than 1 hour
1 |
2. 1-2 hours
3 over 2 hours
Analysis of the Exercises
(for both judges and
teachers)
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Section II. Evaluation of Investigations.
The statements in this section are designed for thepurpose of evaluating the four investigations.
Mark an X on each scale- line wherever appropriate.
Do not hesitate to indicate a rating between the numbers
if that is the level at which you wish to rate the state-
ment.
KEY
1 superior
2 above average
Rate the following investiga- 3 average
tions for their value in
DEVELOPING AN UNDERSTANDING Ij. below average
OF:
5 inadequate
1. Eco-Mapping.
J
5
1
3
a
1
a. the mathematical concept, ’’measure-
ment by triangulation."
b. the concept that "eco-mapping is
important in conducting field-
studies. ’’
1
—
2
—3
—
5
3
1 2 3 5 3
c. teamwork as a necessary part of
ecological field-work.
d. the usefulness of eco-mapping as
an ecological tool that serves as
the basis for various field-work
investigations
.
e. the steps necessary for constructing
a map drawn to scale.
f. the eco-map as having use later on
in the manual.
T—
2
—
3
—
5
3
1
—
2
—
3—
5
3
T 2 3 S 3
1 2 3 5 3
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2 .
KEY
1 superior
...DEVELOPS AN UNDERSTANDING OF:
Artificial Population Lab.
2 above average
3 average
I4. below average
5 inadequate
a. the concept that "populations can
be measured using a variety of
sampling techniques."
b. the biological concept that
"population distribution in a
given biome tends to display
diverse distribution patterns."
1 5 3 5 5
I 2 3 5 5
c. the concept that "populations are
measurable and that sampling is a
useful tool, conserving labor while
providing adequate data." T 2 3 [£"
d. the relationship between frequency
and density as a means of accurately
interpreting population data. T“ 2. 3 1+ ^
e. building student- confidence prior
to actual field studies. T 2 3 4 ^
3 . Transecting.
a. the biological concept, "environ-
mental factors which influence and
in turn are influenced by a
population, tend to stabilize the
population's size." T 2 3 5 f?
b. the ecological concept that "the
interaction of environmental and
biological factors determines the
size and distribution of species
and populations." "I 2 3
_
^ 5
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...DEVELOPS AN UNDERSTANDING OF:
KEY
1 superior
2 above average
3 average
I4. below average
5 inadequate
c. the relationship between percent
frequency and density as a principle
for interpreting population data. 1 2 3 If 5
d. the employment of the line- transect
sampling technique in a real situ-
ation. 1 2 3 £ 5
e. the biological principle that
"certain forms of life are adapted
to a particular environment"
in this case, the marine sandy or
muddy area. T 2 3 [f
’
f. the applicability of a transect
study to the eco-map exercise. T 2 3 If £
I}.. Tidepool Studies.
a. the biological concept that "most
plant and animal species possess
the ability to survive in a variety
of environments." T 2 3 IJ 5
b. the concept that "the variability
of the environment influences the
growth and distribution of plant
and animal life at all levels; from
the microcosm to the larger biome."
c. the ecological concept that "plants
and animals have a limited but
varied ability to adjust to the
environment." "I 2 3 If
d. the biological concept, "environ-
mental factors which influence and
in turn are influenced by a popula-
tion, tend to stabilize the
population's size." 1
2
3 4
5
1 2 3 5 5
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...DEVELOPS AN UNDERSTANDING OF:
KEY
1 superior
2 above average
3 average
i|. below average
5 inadequate
e. the principle that ’’serious dis-
turbances within a biotic community
usually results in the increase of
"
some species and the decrease of T 1 ——]
T
others .
”
f. the quadrat technique of population
sampling as practiced in the artifi-
cial population exercise. l 2 3 J~
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SECTION III. General Comments.
The following statements pertain to the organization
of the exercises.
Mark an X on each scale- line wherever appropriate,
do net hesitate to indicate a rating between
the numbers if that is the level at which you wish to
rate the statement.
KEY
1 superior
2 above average
THE INVESTIGATIONS! 3 average
4 below average
5 inadequate
a. are versatile enough to be part
of any secondary school biology
course for students of at least
average ability.
i 2 “3
b. encourage student questions.
1 2 3 4 i
c
.
offer alternative projects for
students
.
1 2 3 k s
d. are written at a reading level
suitable for the average high
school student. 1 2 3 4 5
e. include enough material so that
even the beginning student in
intertidal-zone biology without
other supplementary materials
benefits I 2 3 5 5
appendix II
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MARINE- TRAINING BACKGROUND OF TEACHERS
Teacher Source of Training Year(s)
Attended
Amount of Time
1 Bowdoin College 1963 6 week summer
U. of Rhode Island 1965 6 week summer
2 U. of Georgia 1956-1961 2 quarters
Georgia Southern Coll. 1968-1972 3 quarters
U. of Georgia Extension 1970 1 quarter
Savannah Museum Workshop 1971 5 weeks
3 Boston University mid 1960's NSF summer
Salem State Coll., Ma. 1970 1 semester
Peabody Museum, Salem, Ma. late
1950's 1 semester
4 Fairfield University 1972 4 wk. summer
5 Bridgewater State Coll., 1 academic yr.
Ma. 1970 (in-service inst.)
6 Bowdoin College 1969 6 wk. summer
7 Bowdoin College 1971 6 wk. summer
8 Bowdoin College 1971 6 wk. summer
9 Long Island University 1970 month of June
10 U. of Rhode Island 1965 6 wk. summer
Bowdoin College 1970 6 wk. summer
11 Suffolk University 1971 6 wk. summer
Western Kentucky University 1972 6 wk. summer
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Teacher Source of Training Year (s)
Attended
Amount of Time
12 Bowdoin College
Woods Hole Oceanographic
1963 6 wk. summer
Institute 1970 6 wk. summer
13 NO TRAINING -
-
14 Whitman College 1967 1 week
St. Martins College 1971 6 wk. summer
.15 U. of Rhode Island 1965 6 wk. summer
Bowdoin College 1970 6 wk. summer
16 U. of Puget Sound 1960-1961 academic year
Stanford University 1961+ 10 weeks
17 Bowdoin College 1971 6 wk. summer
18 U. of Corpus Christi 1967 1 semester
Texas A. and M. 1969 1 semester
Bowdoin College 1969 6 wk. summer
U. of Texas 1970 6 wk. summer
19 NO TRAINING - -
20 NO TRAINING - -
21 Bowdoin College 1968 8 wk . summe r
San Francisco State Coll. 1961). 1 semester
22 NO TRAINING - -
APPENDIX III
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description op teacher- training in marine science
Teacher
1
2
3
k
5
6
7
8
9
Description of Course or Training
Basic biology specifically related to
marine environment.
Ecology (general), one- third related to
marine ecology.
Animal ecology (E.P. Odum), oceanography,
population dynamics, problems in the
environment and workshop in investigation
of the marine environment.
Environmental Education (I4. week seminar);
one week devoted to intensive field work
on Long Island Sound and shoreline.
Geared toward use in general ecology course.
Intertidal- zone biology.
General marine biology.
Ecological training and field work
(collecting, map-making, identification,
etc
.
)
.
2 days/week performing exercises in field
and laboratory. A portion of each day
devoted to lectures on ecology and marine
invertebrate zoology.
Environmental pollution.
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Teacher
10
11
12
13
14
15
16
17
18
19
20
21
22
Description of Course or Training
BSCS Green Version including marine
science (tide pools, rocky shores and
estuaries). Marine biology and ecology
of the shoreline, tidepool, mud flat,
marsh, sandy beach, etc. Included
population studies for each place.
Marine biology and fresh water ecology.
Oceanography and marine biology.
Marine biology (collecting and identifying)
and Marine biology (collecting and
identifying) plus study of zones and phyla.
Field biology and ecology. Marine biology.
Marine invertebrates, problems in marine
biology, invertebrate history and
icthiology.
(no description)
Emphasis on local and Gulf of Mexico
ecology, general oceanography, marine
phycology (invertebrate zoology and
ecology) and estuarine ecology.
General marine biology (field work) and
animal ecology (1 semester course including
marine field studies).
APPENDIX IV
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GRADES (S) AND/OR LEVEL (S) AND COURSES
TAUGHT BY TEACHERS
Teacher Grade (a) or Level (a) Courae or Courae Title
1 9 accelerated BSCS Yellow Veraion
10 BSCS Yellow Veraion
12 honora Hunan biology
12 honora Advanced biology
2 9 Phyaical 3cience
10 Biology
11 and 12 Phyaiology (human)
3 9 and 10 Biology (college prep)
12 Advanced biology (college
prep)
11 (paas/fail) Environmental problema
k 12 Ecology
12 Evolution
9 Earth acience (ESCP)
5 9 BSCS Blue Veraion
10 BSCS Blue Veraion
11 and 12 Marine biology
11 and 12 Karine biology
6 9 and 10 Biology (college prep-
enriched)
12 Advanced placement biology
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Teacher Grade (s) or Level (s)
7 10
8 10
9 10 (modified)
10 (modified)
10 10
11 10
10
12 10
12
13 10
11 - 12
12
14 10 - 12
11 - 12
15 12
12
10
16 10 - 12
10 - 12
11 - 12
17 10
Course or Course Titles
Biology
Regents biology-2 (BSCS
Yellow Version)
Applied biology I
Mini- school science
BSCS Green Version
Biology (I4. classes)
Life science (1 class)
Biology I
Biology II
Biology I
Chemistry I
Advanced biology
Biology
CHEM Study
Advanced placement biology
Human anatomy and physiology
BSCS Yellow Version
BSCS Yellow Version
BSCS Green Version
Human ecology
Ideas and Investigations in
Science (Wong Series)
(5 sections)
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Teacher Grade (s) or Leve](s) Course or Course Tlt.loa
18 10 - 12 Biology
11 - 12 Marine science
19 8 Earth science
20 10 BSCS Blue Version (3 classes)
10 Biology (1 class)
21 10 Biology
10 Life science
11 and 12 Physiology
22 9 and 10 BSCS Yellow Version
APPENDIX V
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DOWN TO THE SEA
A FIELD MANUAL OF THE
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DOWN TO THE SEA.
Th© following investigations have been specificallydesigned to aid you in gaining a basic understanding of
ecology and its relationship to the seashore* You might
wish to add 3ome of your own projects or even extend the
work involved in the ones described in this manual. You
may find that you already have some good ideas as to how
you are going to go about your study of marine biology.
The projects presented here, however, should give you a
good beginning in your research of the seashore.
Investigations
Eco-Mapping
The making of an eco-map has often been considered
as the first step in any ecological study. For this
reason, it is listed here as your beginning project. What
is an eco-map? It means just what it says: a map depict-
ing the locations and surroundings of the organisms that
are under investigation. As you will read later, the map
can also contain other pertinent information. You will
probably discover many uses for an eco-map as you proceed
in marine biology. Since it is often difficult to find
every type of environment in one location, you may wish to
make several maps.
A very accurate map can be made with the aid of a
compass that is especially designed for map work. Perhaps
some of you have used this type of compass before in camp-
ing or scouting. This method is a very successful one for
mapping any area that involves a body of water or ocean
frontage
.
Equipment
mapping compass (2)
stakes (2 @ V high)
rope or twine (100 feet or meters), or measuring tape
hammer
clipboard (4)
compass platforms (optional)
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How to Proceed
A class divided into small groups has been a 3uccess-
Pla^ in constructing an eco-map. The groups consist
of the following: a. readers who operate the* compasses:b. recorders who are responsible for recording the data;
and c * jaacers whose job is to measure the perimeter of
the area that is under investigation. It is recommended
that a minimum of two people be assigned to work in eachgroup but your organizing techniques will vary according
to class size and the scope of the project.
Due to the type of mapping technique that we are
using, it is important to choose your compass stations with
care. The most level portion of the region that commands
the best view of the map area should be your goal. This
will insure your having within range all of the important
physical aspects that should be included in your map. In
deciding upon the locations of your compass stations,
remember that they are usually 50 or 100 feet or meters
apart and that stable, topographic landmarks can be easily
seen from these points. (See Fig. 7.) You might wish to
map a well-defined cove or inlet to begin with and attempt
the harder- to-map areas at a later date. Your experience
from the easier situation should help you in the more com-
plex regions.
After you have determined where your stations are
going to be located, the readers should set the stakes in
the sand or ground 50 to 100 feet apart, depending on how
much room is available. The pre-measured rope will save
much time and error here. Can you see what the value is
of using a round number, like 50 or 100? If you have
compass platforms, set them on top of the stakes. The
compasses are easier to guide and read with the aid of a
platform. Now that the stations are set up, one can be
designated as Station A and the other as Station B. Each
station crew should consist of two readers, at least, and
one recorder. The pacers can assist, if they wish, in
this part of the project. However, they will be used in
a different capacity later.
The readers, standing at their stations, should
examine the periphery, or edge of the inlet and pick out
at least seven telltale landmarks, such as a tall tree ,
a large boulder , a high point of land , or a dock or pier .
' "
"^Seven landmarks on each side and at least one
behind each station should be sufficient but more can be
used for a large area.
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Be careful in your final decision of which ones to use!One never knows when an area may be revisited, even after
a period of years, and by having available the same land-
marks as before, an ecologist will find it easier to make
a new stuay having the same dimensions previously used.
Perhaps your map may be of interest to a class many years
hence. So, pick stable landmarks and number them/ Sinceboth Station A and Station B readers will use the same
landmarks, they should be agreed upon as to clarity from
each station. The recorders for each group should list
the landmarks with their appropriate number and should
also check with each other to make sure that both lists
are identical.
Fig. 7. A Typical Eco-Map Situation. Can you see
the purpose of having both stations sighting on the same
landmarks? Note that a sighting is made behind the
stations tool
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The readers and recorders, after all the prelim-lnarles have been agreed to, are now ready to use the
compasses. Refer to Fig. 8 as you read this section,
or better still, to a sample compass as it will help youto see how to operate one. Set the compass dial, byturning it, so that the stationary arrow in the comoassis in direct line with the arrow that is printed on thetransparent compass holder plate. You should be able to
S
?
6
n
that de 6ree scale of the compass reads 0° or360 at that point. After the arrows have been lined upproperly, set the compass on one of the compass plat-
forms (or hold it steady in one hand) at, 3ay, Station A.
Point the arrow that is printed on the clear section of
the compass base at the opposite station. Station B.
Sight carefully along this arrow until you have it lined
up directly between your eye and the station marker or
platform. After you are satisfied that the "target” is
lined up properly,
. carefully, without moving the instrument,
turn the compass dial until the stationary arrow on the
floor of the compass points in the same direction as the
north- seeking arrow. Get them as even as possible l Now
read the number of degrees on the scale printed on the
dial and you will have the position or azimuth of the
opposite station in relation to where magnetic north is.
Note that depending on which direction you turn the dial
your data will read, "x degrees east or x degrees west of
north." Record your data. The other readers should do the
same type of operation sighting from B to A. It is essen-
tial that this "base" reading is correct in order for you
to construct your eco-map later while in the classroom.
After completing the above you are now ready to
sight on your landmarks. Just repeat the same sort of
operation for each one. This will take practice but after
the first two or three times you will probably find that
you will become more skilled as a reader. The recorder
should list the degree-reading on the data sheet beside
the corresponding landmark. The second reader should re-
peat the whole procedure to confirm the first bearing. If
the two readings are different, calculate the average of
the two and list it. The recorder should also write down
any other pertinent information, i.e., a description or
even a sketch of each landmark. The same procedure is
repeated for each of the remaining landmarks. Remember
also to locate all the azimuths on the other side of the
inlet! For more efficiency, the readers and recorders of
Station A, upon the completion of their sightings, can
move to Station B (and vice-versa) and repeat the whole
operation. This double-check can sometimes uncover sig-
nificant errors.
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Fig. 8. The Mapping- Compass . Why is it important
to know a fixed bearing, such as North?
The pacer’s activity consists of walking out to the
farthest landmarks (two groups can be formed and each one
can pick a side of the inlet) and then begin pacing off the
perimeter of the area being mapped. Each group should have
a list of the landmarks that are being used by the compass
stations. The accuracy of the periphery measurement is just
as important as that of the compass readings, so it is
recommended that at least two students should double-check
on the first pacer. Make sure that you know how long your
pace is and try to keen each pace uniform i (This can be”
measured before the trip or a* tape measure can be included
as part of the equipment.) It may be difficult to keep
each pace equal if large rocks and other obstacles have to
be crossed, so work slowly and carefully. Begin this phase
of the project as soon after the landmarks have been picked
to insure yourself of having the low tide to work with.
The purpose of the list of landmarks is in using uhem
as a guid 9 . Pace the edge of the inlet on both sides and
as you get to each landmark, two members of the group
should pace off the distance from the landmarks to ttie^edge
of the shore that is serving as the perimeter. Each of
these distances should be recorded by a member of the
group. (Note: Can you discover why great care should be
taken in deciding which landmarks should be used; Should
they be located as close to the shoreline as possible?)
The pacing should continue until both stations have been
reached.
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Notice that in Fig. 7 a boat has been used as one ofthe landmarks. If a boat is part of your equipment it can
e used in this capacity. Two members of the pacer group
can row out to a point at the mouth of the inlet opposite
one of the landmarks (preferably the farthest one out).
The 100 foot rope, tied to the landmark and the boat can
serve as the known measurement. This part of the project
is optional, of course, but does help provide more data
and thus, more accuracy in the final map construction.
Fig. 9. Taking a Reading. Note the homemade
compass platform. Can you name the job of each person
shown?
Constructing the Map
After being satisfied that you have all the data,
you are ready to begin constructing a map. Obviously, the
best place to do this is back in the classroom. The equip'
ment needed for this part of the investigation is listed
below
:
graph paper (large sizes are available for a class
map, but smaller sizes are preferable
for individual ones).
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protractors
rulers and meter sticks
Other optional materials can be used and some are mentioned
in the following paragraphs.
Establish a convenient scale (1” per 50’ or ^Om, for
example ) and. mark Station A and Station B on graph paper.
Be sure to place them so that most of the paper can be used
for the bay or inlet area. You may wish to use more than
one piece of paper to make the map larger and thus have
more space within which to work with later in other studies.
Depending on the space that you have to work with might be
the deciding factor in determining what scale will be used.
With a protractor, plot the degree readings taken
from the two stations and draw in the lines. What will
their connecting points signify? Using the distances
measured by the pacers, draw in the periphery of the area
stressing accuracy in your scale. A check can be made by
putting a string around the map and measure to scale. How
do you know where to indicate North on your map?
Quite often students like to make their map more
attractive and understandable by placing drawings of the
various landmarks along the border. You might wish to do
something similar. Other students have returned to the
cove equipped with a camera and have taken photographs that
they later added to their map border. Most schools have a
Polaroid Camera as part of their audio-visual or public
relations equipment. Perhaps you could borrow it for the
class previous to going on the field trip. Snapshots, of
course, make for more accuracy and a more permanent record
that can be used later if the boundaries have to be re-
located.
Large- sized graph paper mounted on a stiff backing
is the usual arrangement of the classroom map. This in-
volves a larger scale and provides for more extensive work
area for the recording of other investigations that might
take place in the cove or bay area. Again, drawings or
photographs can be added. Every member of the class might
be able to contribute to the completion of the enlarged map.
Use 3 of the Eco-Map
An eco-map can grow along with you as you continue
your studies in marine biology. As previously mentioned,
smaller areas within the mapped zone can be aaded m the
form of various types of data. Color and symbol keys can
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hSaVy paper and P inned on the map as futurestuaies bring new results. The exercise on transecting
e S
°n thlS further
- Many times, charts andgraphs can become a part of the map to aid in lnterpreta-tlon. four small maps can be used in the same manner.Can you think of other ways that your maps can be used?What can you predict about the use of the maps from oneyear to the next?
Extended Re search-- the Profile
An added project of eco-mapping is that of theprofile. A profile is the third- dimens ion of the mapdepicting height. Oftentimes it is called the relief map.
If you wish to add a profile to your map, you will probablyhave to make another trip to the shore. This is a lengthyjob and rather difficult to accomplish at the same time as
the compass-mapping. Also, some students prefer to have
the overall map as a guide first as it sometimes helps them
in choosing the major features that they wish to U3e* for
the relief portion of the map. For example, tidepool
areas, sandbars, and some of the various divisions of the
rocky zones can be of major importance.
A meter stick or some pre-measured pole or rod can
be used to measure the heights of small boulders, shrubs,
or short trees. Perhaps you have a friend whose height is
known and he or she can be used as a measure comparison.
The above are simple to use and operate. There are some
instruments that make use of geometry for measuring relief.
For example, given a protractor, stationary platform, tape
measure and pre-measured rod, how could such a measuring
device be constructed? What is the basis for your reason-
ing? Bear in mind, whatever technique you use, that estiraa
tion will suffice for most of the map area but that more
time and accuracy should be spent on the major sections.
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Fig. 10. Choosing Landmarks. Two station readers
from Sta. A are conferring with a Sta. 3 reader. Why
should both stations agree on the sites?
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ARTIFICIAL POPULATION LAB
Introduction
Did you ever wonder how many kinds of plants and
animals live in a cove? Or, how many of each kind might
there be? Usually undertaking a complete count or census
would be such a prodigious task that one could neither
afford the time nor energy to perform such a Herculean
effort. Even if one could overcome these obstacles, the
information would be no more useful than an adequate
sampling of the area to be measured. Sampling is a major
tool of the ecologist. It may appear that even this pro-
cedure is a laborious one and even though time-consuming
and tedious, sampling actually conserves both time and
labor as compared to an attempt at trying to measure the
who le
.
What constitutes a sample? Ecologists refer to a
sample unit or plot as a quadrat and the sampling method
is most often referred to as the quadrat method . There
are many kinds of quadrats. The list quadrat is simply a
tabulation of species. The list- count quadrat is simply
an extension of the list type in that an actual count is
taken. It is widely used, not just in marine science but
in every ecological field. Weight or size, as well a3
number is often used in the list- count quadrat. If one
desires a more detailed record of the specimens present,
a chart quadrat is more desirable. This type of sampling
method lists size as well as distribution and is perhaps
the most time-consuming of all of the quadrat methods but
it is advantageous in that it does allow for studies at a
later date. One should keep this in mind in case a long-
range study is decided upon, such as from one year to the
next. There exists a possibility that some students will
start a sampling project during their regular biology class
in the sophomore year and may wish to extend their investi-
gation in an advanced class, say in their senior year.
Is sampling accurate? Does it provide the necessary
data in order to gain an appreciation of population numbers
or dominance? How is one to know? This exercise is
designed to show that sampling is a useful tool before
you venture out into the realm of the real environment.
Notice that there are three different populations hetero-
genous, homogenous and more homogenous). What do these
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terms mean. As you will probably see when you apply thisexperience to the actual field situation, organisms areusually found in groups rather than in a random situation.Sut re^rdless of what is discovered the practice sessionsWllL e ?ab ' e to gain conf ihence in the sampling methodss° that you will not toil under an illusory influence whenin the field.
Probably the population sampling technique that willbe most used on your initial field work will be that of theline transect
. A transect is a sampling strip of a pre-determined length. Generally speaking a transect is useful
when differences in population should be apparent (i.e.,
muddy as opposed to rocky- sandy areas, eel grass habitat
to rocky, etc.). The length of a transect may vary accord-
ing to conditions. If you are working across one small
community to another your line may be only a few meters
long. Usually they will run between 60 to 120 meters in
length. Line transects are sometimes referred to as "line
intercepts." This is reasonable since you are trespassing
across certain plots and the living things that occupy these
plots are included in your data. Transects are adaptable
to the determination of coverage, numerical abundance, fre-
quency and other population statistics. They are done more
rapidly and provide the investigator with accurate informa-
tion.
In the exercise that follows you will be testing to
see if sampling works. You also should become more con-
fident in handling certain kinds of data. Concurrent field
exercises (cove, mud flat and tidepools) will utilize your
experience in handling and understanding the data compiled
in the classroom. A future field trip to the tidepools
will enable you to put into practice your ability to work
with quadrat techniques.
Measurement of Artificial Populations
Each student will be provided with an artificial
population of "marine intertidal- zone organisms." The
size and shape of the "organism" indicates its "species"
(square, "squircle," triangle, large circle and small circle).
You may wish to label each shape with an actual scientific
or common name of a plant or animal that is usually found
at the seashore. For example, Nassarius or mud snail could
be the small circle. Since the field "work will be done in
teams you may wish to work in small groups of two or three.
Experience has shown that teamwork is a valuable part of
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J2} 0? ical research in that much time and labor can be
e;fiic tently conserved and utilized.
Each population (1, 2 and 3) should be measured usingthe techniques called for below. Each method will yielddata of varying accuracy. The results should be comparedfor accuracy and the techniques for ease and efficiency.
Will the easiest method in the classroom necessarily be
the easiest method in the field?
Methods
The following methods should be investigated. Work
with only one method at a time. Check with each member of
your team to make sure that you understand what you are
doing before beginning the work. All that is needed is a
ruler and pencil.
Complete Census
1. Count all individuals in the population.
2. Determine the percentage that each shape (species)
contributes to the total count.
2
3. Figure the density per square inch (D/in. ) by
dividing the number counted by the area sampled.
Do this for both individual species and the total
of all species.
4. List the total types of species recorded.
Square Plot (Quadrat)
1. Divide each population into squares (8" x 10" is
usually the best base lines to use) or use a pre-
designed square quadrat template. The squares
should be 1 inch2 . Take measurements from 20
quadrats distributed evenly throughout the
population. Quadrats can be distributed at
regular intervals along lines lightly ruled
across the sheet.
2. Tally the "species" in each quadrat. Any
specimen that is not at least half-way within the
plot should not be included in the tally. At
the same time figure the number of plots a species
appears in. More than one appearance in a plot
still rates only one tally for that plot.
3. Determine $ frequency (what % of the plots does
a species appear in at least once?).
4. Determine density (D/in. 2 based on the total area
of the quadrats )
.
5. List the total types of species recorded.
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Rectangular Plot
1. Use a rectangular plot template or combine pre-
Ti°riy ^",ade square3 and repeat the operations
_
square plot. Ten rectangles will stillequal 20 m.^.
Line Transect (Intercept)
(Note: a mm ruler is necessary.)
1* out a series of evenly spaced lines across
each population sheet. Measure species areain 8 Oram segments along these lines. In each
tJOmm segment measure (in millimeters) the dis-
tance each species overlaps the line and the
amount of space where no species overlaps the
line.
2. Determine # frequency (the % of the 80mra seg-
ments in which a species was found one or more
t ime s )
.
3* Total the amount of area contributed by each
species. Add the species totals together giving
a grand total. Determine the ^ area each species
contributes to the grand total.
il. Total the amount of space. Determine what % of
the total line measured (sum of millimeters in
all 80mm segments) is space.
5* List the total types of species recorded.
K~*0ptional Exercise -- Random Plot
1. Assign a number to each row or column and a letter
to each row or column. For example, rows 1-8
across and columns 1-10 down.
2. Using slips of paper properly marked for rows and
columns, place the slips into two containers. Draw
a slip from each container and count the species
found just in that plot. Then continue to draw
slips until 20 square plots or 10 rectangular
plots have been randomly selected. Be sure that
you return the slips to the containers each time
before you draw. Discount, obviously, any re-
peats .
3. Repeat the data collecting and compilations used
in the square and rectangular plots figured
earlier.
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Conclusion
sampling method, if any, is the most accurate?
Ir you did a surface quadrat or plot study in a low tide
zone a 10m x 10m plot would probably be sufficient. By
running a series of 10 or so plots the data compiled shouldgive you an accurate picture of the population in that zoneWould you use a plot method or line transect method if you
were interested in sampling beneath the surface? Why?
An interesting class project might be one in which a
large artificial population "board" is created by the class
This surface could contain some actual shells or seaweed
remnants that could be easily collected along the shore.
Lengths of string could replace the penciled lines and a
large group could run the data- collecting. It may be
ddsirable to construct this type of exercise after having
worked in the field a few times.
Fig. 11. From Classroom to Snore. The author
is shown with his students discussing the preparation of
a transect line. Should the rocks be counted if they fall
within the plot?
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ARTIFICIAL POPULATION DATA
POPULATION NO.
COMPLETE CENSUS
Species
:Total Cove Area 80
Total No.
_
Individuals % of all Populations D/in. 2
Squares
"Squircles"
Triangle s
Large Circles
Small Circles
All Populations
Total types of species recorded
SQUARE PLOTS (QUADRATS), evenly distributed - Total area of
plots
Species Total No. plots species D/in. 2 %F
Tally appeared in
Squares
"Squircles"
Triangles
Large Circles
Small Circles
Total types of species recorded
RECTANGULAR PLOTS, evenly distributed - Total area of plots
Species Total No. plots species D/in. 2 %¥
Tally appeared in
Squares
"Squircles"
Triangles
Large Circles
Small Circles
Total types of species recorded^
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ARTIFICIAL POPULATION DATA-
-Continued
LINE TRANSECT, based on
: mm segments of line.
total line
.
Species
Squares
” Squire les ,f
Triangle s
Large Circles
Small Circles
Total surface % of total
cover of each surface
species cover of
each spe-
cies
No. segs
.
species
appeared
in
All Species
Total types of species recorded
PO TJLATIO:’ no. 1
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POPULATION NO. 2
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TRANSECTING
Each time that you visit a particular environment itis desirable to make a transect study of the area. Tide-
pools are a special case and will be discussed in another
exercise. The eco-map is of great value in that it enables
you to keep records of populations and their changes. Ingathering data lor the maps various kinds of population
techniques may be employed. (See Artificial Population
Lab.) Recall the line transect or line intercept usage.
This is the one that is most widely used in intertidal-
zone marine biology and involves some spade work. It has
often been referred to as the "digging up information" type
of transect. J
You may have thought that collecting and observing
trips were the best way to reveal the variety of life found
at the seashore. You may even have concluded that you could
do a population study in this manner. However, collecting
Is conducted for another purpose and, as your classroom lab
exercise dealing with population attempted to show, there
is an easier way to get the total picture of life in a
cove, beach or mudflat. True, collecting can give some
idea of "surface" life but as so often happens, collectors
often miss what lies beneath the sand and mud. The tran-
sect, as used in this exercise, will provide you with a
chance to utilize sampling as a census technique-- one that
should assist in encouraging you to work with populations.
Some special equipment needed for transecting can be
made at minimal cost. This often leads to greater satis-
faction in your work. Many scientists have built their
own instruments or other devices to suit themselves and to
make their own research easier. This often happens when
doing field work.
Equipment
spades (2 or 3)
^sifters or screens (2 are desirable, having different
mesh sizes, preferably and 8-12
mesh/sq. Inch).
*If you wish to have three groups working at the same
time, then you will need 3 sets of sifters and the rest of
the equipment should be adjusted accordingly.
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tap© me a sure or an 80 foot oi* meter piece of string
or rope that has been marked off
in 10 foot or meter intervals.
magnifiers (2 or 3)
clipboard
thermometer
collecting pail and plastic bottles and bags.
Digging up Information
Where would be a good location for your first tran-
sect? Perhaps you may be anxious to begin filling in the
map, so you may wish to work the first transect in your
mapped region.
The best place to begin the work is at the high tide
line. This may be the banking that surrounds a tidal flat
or it may be indicated by shells and dead seaweed on the
sandy section of the shore. Whatever the case, it will
mark the site of your first excavation. Using your tape
measure or pre-marked string, measure off 10 foot intervals
leading down to the water until you have plotted from 5-7
additional sites. Perhaps this work may be done by some
members of your class while others begin the actual digging
and sifting at site #1.
Fig. 12. Laying Out the Transect. Be sure to mark
each site well.
Ill
16
l u
6ep by 1 square is the most common
1 how
!
ver
» y°u can also use a rectangularWPwV,«-hE“ ther °ne 13 accePtable bY ecological standards,T?^ r JTi Ch0 ° 3e t0 use ’ run the whole tran-that dimension. Never switch sizes'"on onetransect line, but you may wish to experiment by using adifferent cubic measurement on another location. Alwaysmeasure carefully ! «
Pig. 13. A Transect Study. Note that line #3
started back further and as a result, digging site #8 is
shown
.
The material that is removed from site #1 should be
placed into the large-mesh sifter. This is transported to
the water where the contents can be thoroughly rinsed. Many
dips will probably be necessary to dispose of the sand and
mud, depending upon the nature of the shore bottom. The
sifted material should be caught by the fine-mesh sifter
held directly below by another student. This, in turn, is
rinsed thoroughly until the contents are of the nature that
they can be easily examined for life. Care should be taken
that the material is not washed over the edges of the sifters
or spilled. Two or three recorders and observers equipped
with magnifiers and clipboards should be stationed near
the washing area ready to record data. Such parameters
as temperature, mineral content, debris, as well as the
living organisms should be noted and recorded. The washing
112
and probing should be continued until you are satisfiedthat you have made a thorough search of both sifters.Can you see the value of having two mesh sizes? Repeatthe procedure for each of the other marked sites.
Fig. 1 14.. Making a Transect Sifter. Can you think
of some kinds of organisms that might be found in the fine-
mesh sifter?
Three transect lines should be made at a consider-
able distance from each other to get as good a coverage
of the area as possible. Plastic bags and bottles, and
a collecting pail should be within reach as one never
knows when an interesting specimen will be turned up that
is worth saving for future laboratory study or for adding
to a collection. In connection with the collecting aspect
of transecting work, ask your teacher if those of you who
have served a tour of duty in the transect study, or are
waiting a turn to assist, can investigate the rest of the
shore to collect specimens. The author has rarely visited
the seashore without having the prospects of collecting in
mind.
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Fig. 15. Preparing to Sift. Notice the position of
the sifters. Which one is the large-mesh sifter?
Fig. 16. Sifting for Facts. Identification of
organisms is discussed in the exercises pertaining to
collecting
.
Ilk
Fig. 17. Digging the Next Site. What purpose does
the pail serve (where are the sifters?)?
Fig. 18. What Lives Here? Intense examination
follows each sifting operation.
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Using the Transect Data
Each collection of transect data can be recorded in
a number of ways. The various methods are presented here
and you may wish to experiment with each type. If an eco-
map is made for each area that is visited you will have agood basis for recording various data from transects.
a * The list transect simply lists all of the
organisms found in each site of each transect
line
.
b «, More valuable information can be gained from
making a list and count chart giving the
totals of all of the specimens.
c. An extension of the list and count method
would be the detailed chart
. This gives
the names and numbers of tKe organisms plus
information about temperature, terrain struc-
ture, and even distribution figures.
d. The graph is perhaps the easiest to understand,
as far as an accumulation of data is concerned.
You can tell at a glance the type of slope that
is formed, or the height or length of bars can
readily be seen. You may wish to plot the dis-
tances from the water mark at low tide vs. the
numbers and types of organisms found. Different
colors or line- types can be used to distinguish
one species from another.
e. The eco-map
,
mentioned before, can be filled-
in with transect data in a number of ways. If
you have forgotten what was suggested refer
back to page 92. Of course, if you don’t have
a map of the area this method can be utilized
later, but meantime a.-d. will suffice.
You may wish to consider the idea of constructing a
code for your data. Many times an ecologist will use a
code- shorthand for convenience, and because of a lack of
space. Perhaps you may have been thinking of what your
eco-map will look like as each investigation is plotted on
it. Even the classroom map, as big as it may be, can be-
come overcrowded in time. An example of a code (in part)
is given below. Notice that the symbols are based on
scientific names. Can you see why the basis for a code
should not be common names? After a code has been developed
you will probably discover that you will soon learn many
scientific names of marine organisms as a result. Remember
that the following is a suggested list and is to be only
used as a guide. There may be different species of organisms
where you live.
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LI ...
.
litorea
saxatilis
obtusata
vulgaris
Sm •
Ls . . . .
Lo Am
, ,
marinaua
Av . . .
.
marina
Etc
.
Oftentimes the symbols can be written in various colors
depicting certain phyla. For example, phylum Crustacea may
be indicated by red; mollusca by blue, etc. Anything at all
that provides clarity should be given consideration. Notice
that the letter L is used three times to denote the same
genus name. You may wish to write one of them as Li (such
as JL. saxatilis ; Li-s) to distinguish it from the other
two
.
Figuring Density and Frequency
Population studies involving the transect should
also be discussed in terms of density and frequency. You
may wish to make a separate chart depicting this information
from your data.
What are the meanings of the terms, density and fre-
quency? How do they differ from each other? The following
example should help to answer these questions. Suppose that
you completed three transect lines of eight sites each, or
twenty- four total diggings. If you counted 600 mud snails
total then the density would be 600/2 )4. ft. 3 0r D/ft.^ for
a density of 25 per cubic foot. The ecologist very rarely
discusses density, however, without pointing out what the
frequency (in percent) is. Why? Suppose that the mud snails
were only found in 20 of the total number of plots, yet the
density comes out to be 25 mud snails per plot . This is
where the frequency comes in; the percent of the plots that
a species appears in or no. of plots/total plots X 100. What
would the frequency of mud snails be in our example? Why
are both statistics of importance in your data? See if you
can figure the density and frequency for the sample graph
in Fig. 19. Can the two ever be alike?
Numbers
of
organisms
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A TRANSECT STUDY OF A TIDAL FLAT
KEY
• .. . Poqurus
lonqlcarpm
X..
.
Notsoriue
obsoletue
o... Nereis
vlrlens
Number of transect sites (10 feet between)
Fig. 19. A Graph of a Transect Study. What can be
noted about the habitat of mud- flat organisms as indicated
in sites 1 and 2? Which of the three types of organisms
might, in your opinion, be chosen for further study? Why?
What code might you design for these organisms?
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TIDEP00L STUDIES
(Transect and Quadrat)
Introduction
Tidepools, as mentioned earlier, can be considered
part of the subtidal zone. They can be found on most shores
and they vary a great deal according to pool permanence,
rocky formations and other factors. Most people think of
tidepools as being located only in rocky zones but there
are very interesting pools found along sandy shores. How-
ever, to the student of marine intertidal zone biology
these are perhaps very uninteresting because they do not
last very long. If you were desirous of conducting a long-
range tidepool study why would you tend to shun a sandy
beach location? However, you may wish to investigate some
of these sandy tidepools and try to Docate some small fishes,
shrimps, crabs and snails that were trapped there by tidal
movements. But be quick and plan your study according
to the tides.
There are also other types of tidepools aside from
those found in rocky zones; mud flat and sand-mud types.
These are relatively permanent due to the structure of the
mud itself. They are quite rich in plants and animals.
Recently there has been much publicity dealing with this
sort of habitat since many of our salt marsh areas are
being threatened with the encroachment of man and his
drawing-board plans for shopping centers, fuel ports, high-
ways and other industrial- related enterprises. The salt
marshes located primarily along the northeast Atlantic
coast and, in some instances, the Gulf coasts of the United
States contain many interesting shallow tidepool areas.
Most are well protected from extra high tides and as a
result tend to be more salty than ordinary sea water.
Here then are found some of the most interesting marine
organisms. Marine bacteria, algae, and many invertebrates,
as well as fish establish themselves in rather comfortable,
protective surroundings. Both the sandy and muddy tidepools
can be studied in terms of numbers and types of organisms
during field trips to the coastal areas but the one type of
tidepool that can be utilized as a focal point for gathering
population data is that found in the rugged, rocky zone.
Very little work has been done on tidepools, in general, bu
if one has to select the type of tidepool environment that
holds the most promise for a beginning student in lnteruidal-
zone marine biology the rocky area is the most significant
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one to examine. Others should not be excluded, however,for each has something to offer. Perhaps your locality
offers you no choice except that of a non- rocky zone. If
so, this exercise still holds value for you in terms ofintertidal studies.
Tidepool Transect (Rocky Zone)*
picking the location it is possible to study
tidepools by means of a line transect. Simply stated, the
idea of this exercise is to establish a line starting at
the edge of the low tide zone and running up through or
beside several tidepools, and then proceed to sample each
tidepool along the line. This sampling method can even be
carried out for pools located in sandy or muddy areas.
Choose a site for this work that is both readily available
and offers good tidepool representation. Try to establish
a variety of pools based upon levels within a rocky area.
For example, pools formed by spring tides tend to remain
for lengthy periods, unchanged and relatively stable. Those
that are under the influence of tidal fluctuations will
offer enriching varieties. In the figure below, students
are shown examining a tidepool that falls along a transect
line. Note the collecting pail--an essential piece of
equipment needed for this type of study. Also, notice the
rise in elevation in the background. In this particular
study the students utilized seven tidepools along one line
and distinct ecological differences were observed.
Remember the tidesl Most coastal areas of the world
have a low tidal magnitude or sweep, such as along the Gulf
Coast of the United States. Here the sweep is small (0.5m
amplitude) as compared to approximately a 3m amplitude in
New England) . If you lack a rocky zone then concentrate on
a sandy or muddy area where you can find contrasts on either
side of a sandbar or sandspit. As stated before, some in-
teresting tidepools can be found in such localities and
most of the suggested tasks in this investigation can be
performed there without difficulty.
Using clinometric scales or simply rough eye-estimates,
choose a variety of heights for your tidepool locations.
Figure 20 depicts students working in the lower littoral
*This area is featured but information applies to
other habitats as well.
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Fig. 20. Students Sampling a Tidepool Along a
Transect Line. Why is a spring tide probably the best
time to engage in this sort of work?
zone on the New England coast. Note the slope of the
terrain. What probably is the most dominant species of
seaweed found here? Would you expect to find the same
species along the Florida coast? Why?
Teamwork, such as in the eco-mapping project, can
also be utilized in tidepool investigations. Divide the
class into 3 or 1+ teams and select an equal number of
transect lines. In this way the data can be compared and
a wider variety of locations are sampled. Equipment may
be the deciding factor here but if the teams are within
a reasonable distance from each other there shouldn't be
too much difficulty encountered.
A word of caution is appropriate. We are all aware
that the ocean has been used as a "sink” for domestic and
industrial wastes during the past 50 years. It is dis-
heartening to have to think of the ocean as a potential
health hazard but such is the case today. Jacques- Yves
Cousteau recently stated that the destruction of the oceans
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ar
?
d othsr Causes is 20$ - 30$ total and
diat^nnH the end everything in 30 - $0 years if imxne-
tr ml
actl°n isn t taken. Very distressing indeedl Becauseof an s abuse and shortsightedness it becomes essentialthat one be aware of the pollution factor when working intidepooi areas for it is here that materials tend to collectand become concentrated. Be especially cautious of thetidepool 3 that are foul- smelling and that may present adisease hazard. Rubber gloves or other similar protective
raiment should be a part of the investigator's equipment.
Your instructor should examine each pool, especially those
above the normal high tide line to assess any potential
detrimental environment. If such a pool or pools are found
along your transect line try to determine the influence offouling upon your data. ..... .another good reason why more
than one line should be run.
Equipment
tape measures
collecting pails
clipboards
thermometers
rubber gloves
water pollution testing kit (or substitute chemicals)
collecting bags or bottles
BOD bottles
ice cooler
Procedure
After choosing the sites and anchoring your tapes in
place, begin sampling the pools. It might be best to begin
your sampling just after high tide and work your way down
in conjunction with tidal movement. If you prefer, wait
until low tide and work your way up. Be careful that the
tide does not outrace you. What kinds of data should be
recorded? The first information to take note of is the
amount of time each pool is exposed. This can be done ahead
of time if you are working from the lowest to the highest,
or, it can be recorded as part of the investigation itself
as you work your way down.
Sample each tidepooi for:
a. Physical Features.
Temperature (water and air) , wind, evidence of
stagnation or pollution and general distribution
of flora and fauna (a more detailed study follows
in the second part of this exercise) should be
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noted. Water temperature should be recorded at
various depths. Is the day cloudy or sunny?
b. Chemical Tests.
!• Tests for pH, nitrate-nitrogen, chlorine,
salinity and turbidity. How are each of
these essential to the marine ecologist?
Here is where the field test kit comes in
handy. If you have access to a kit you
may wish to run other tests. There are
quite a variety of such testing kits on the
market today. If a kit is not available,
at least the pH, using a meter or anhydrion
papers, can be measured. Perhaps you can
put together your own kit using Standard
Methods as a guide. How is pH related to
the photosynthetic process? What differences
would you expect during the night versus the
daytime?
2. A dissolved oxygen test (DO)* should be made
at the field site.... one for each tidepool.
Other water samples should be taken for the
OPTIONAL purpose of running 5-clay BOD (biochemical
oxygen demand) tests. These should be stored
in the ice cooler until they can be placed
in a thermostatically controlled refrigerator
set for 20°C. If your biology classroom does
not have this type of refrigerator, a small,
relatively inexpensive temperature control unit
can be purchased that will convert any refrig-
erator into an incubator. -*** Both the DO and
BOD tests can be run with the materials sup-
plied in a field test kit. However, if you
do not have such a kit you can put together
the necessary materials needed in order to
test for oxygen. The most common method used
*Oxygen Demand of sewage, sewage plant effluents,
polluted waters, or industrial wastes is exerted by three
classes of materials: a) carbonaceous organic material used
by aerobes as a source of food; b) oxidizable nitrogen derived
from nitrite ammonia and organic nitrogen compounds which
serve as food for specific bacteria; and c) certain chemical-
reducing compounds such as ferrous iron, sulfite and sulfide
which will react with molecularly dissolved oxygen. Both aj
and b) are the prime determinants in the BOD test.
**See Hach Chemical Company catalogue. Box 90 7 » Ames,
Iowa.
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is the Winkler, or alkaline- iodide- azide modifica-tion test.
A special carrying- case may be constructedfor the purpose of holding all the chemicals andg assware (see Fig. 21). This is convenient since
the DO test has to be done right at the test site.
If y°Y^ D0 readings are high, say 12 ppm (partsper million) why would you expect to find laree
amounts of algae?
Fig. 21. A Winkler Kit.
1. Manganese sulfate solution
2. Alkali- iodide-azide reagent
. Sulfuric acid (cone.)
. Starch solution
c. Macro-organism Tally.
Details on this part of the exercise will be
found in the next investigation. Combine the
tidepool quadrat study with the tidepool transect
study if time allows but you may prefer to run
them as separate learning experiences. However,
if you wish to treat the two studies separately,
suffice it to say, the overall pool(s) should
show at least a dominant set of flora and fauna
and should be recorded as part of the transect
data.
5. Sodium thiosulfate
3tock solution
6. Standard sodium
thiosulfate titrant
7« Pipettes & eye droppers
8. Automatic buret
9. DO & BOD bottles
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TABLE 1.
--Preparation of DO and BOD - Testing by
the Winkler Method
Reagents
.
1. Manganese sulfate solution.
Dissolve 480g MnSO^ . 0
,
l,.00g MnSO,
or 4
2
.
2H
2
0
3^4-S MnSOi • HpO in distilled water.
Filter and dilute to 1 liter.
Alkali- iodide-azide reagent.
Dissolve 500g sodium hydroxide, NaOH (or 700gpotassium hydroxide, KOH) and 135g sodium iodide, Nal(or 150g potassium iodide, KI) in distilled water.
Potassium salts and sodium salts may be used inter-
changeably.
3. Sulfuric acid (concentrated).
The strength of this acid is about 36N. Therefore,
1 ml is equivalent to about 3 ml of the alkalide-iodide-azide reagent.
i|.. Starch solution.
Prepare an emulsion of 5-6g potato, arrowroot, or
soluble starch in a mortar or beaker with a small
quantity of distilled water. Pour this emulsion
into 1 liter of boiling water and allow to boil a
few minutes and let settle overnight. Use the
clear supernate. This solution may be preserved
with 1
. 25g salicylic acid per liter or by the
addition of a few drops of toluene.
5. Sodium thiosulfate stock solution, 0.10N.
Dissolve 2lj_.82g of Na2 S2 0- • 5Hp 0 in boiled and
cooled distilled water. -^Dilute to 1 liter.
Preserve by adding 5 ml chloroform or lg NaOH per
liter.
6 . Standard sodium thiosulfate titrant, 0.025N.
Prepare either by diluting 250.0 ml sodium
thiosulfate stock solution to 1,000 ml, or by
dissolving 6 .205g Na2 S2 0^ • 5H2 0 in freshly boiled
and cooled distilled water and diluting to 1,000 ml.
Standard sodium thiosulfate solution may be pre-
served by adding 5 ml chloroform or 0 . L|_g NaOH per
liter. Standard sodium thiosulfate solution, exactly
0.0250N, is equivalent to 0.200 mg DO per 1.00 ml.
Taken from: Standard Methods for the Examination of
Water and Wastewate*r^ 13th edition, 1971» American Public
Health Assoc
. ,
Inc
. ,
N.Y., N.Y.
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DO, BOD Procedure
Collect a water sample in a BOD bottle (2£0 -300 ml size) and add 2 ml manganese sulfate solution
followed by 2 ml alkali- iodide-azide reagent. (Note:
1 ml is equal to 1 eye dropper content.) Be sure to place
these reagents well below the surface of the water sample.
Stopper with care to exclude any excess air bubbles and
mix by inverting the bottles several times. A precipitate
will form.
2. When the precipitate settles, leaving a clear
supernatant above the manganese hydroxide floe, shake
again. NOTE: WITH SEA WATER, ALLOW A 10 MINUTE PERIOD
OF CONTACT WITH THE PRECIPITATE. When settling has pro-
duced at least 100 ml clear supernate, carefully remove
the stopper and immediately
3 add 2.0 ml cone. ^SOj, by allowing the acid
to run down the neck of the bottle, restopper, and mix
by gentle inversion until dissolution is complete. The
iodine should be uniformly distributed throughout the
bottle before decanting the amount needed for the titration
part of the test. This should correspond to 200 ml of the
original sample by displacement of the reagents has been
made. (For example, when a total of i| ml of the manganese
sulfate and alkali-iodide-azide reagents is added to a
300 ml bottle, the volume taken for titration should be
200 x 3°° = 203 ml
(30C-10
lj.. Titrate with a 0.025N thiosulfate solution (using
the automatic buret or standard type) to a pale straw color.
Add 1 - 2 ml freshly prepared starch solution and continue
the titration to the first disappearance of the blue color.
If the endpoint is overrun, the sample may be back- titrated
with 01025N biniodate solution, which is added dropwise, or
by an additional measured volume of sample.
Calculation
1. 1 ml 0.02£N sodium thiosulfate titrant is equiv-
alent to C .2 mg DO, therefore each milliliter of sodium
thiosulfate used is equivalent to 1 mg/liter DO if a
volume equal to 200 ml of original sample is titrated.
2. If you wish to transpose your result into
milliliters of oxygen ga 3 per liter at 0 C. and 760 mm
pressure, multiply mg/1 DO by 0.698. (See Standard
Methods for further discussion.)
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.Suggested Inquiries
Rnn Dr,hQ S5Wage treatment plants are designed to reduce
,
(suspended solids). If your community or region
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er it be primary, secondary or tertiary,plan a trip and take a tour through the facility. Why
water?
8" redUCtion in B0D enhance the quality of a body of
2. Construct a graph of your tidepool transect linedepicting oxygen data. Should there be any particularpattern or curve from low elevation to high elevation?Where did you think the highest DO readings would occur?
d. Microorganisms (Coliform Test)
.
1. Collect samples of sea water from each tide-
pool along the line. Be sure that the con-
tainers used have been pre-cleaned thoroughly.
Three or four samples from each pool should
be sufficient. Store the samples in the
cooler. They will be tested later in the lab.
2. Pollution detection, visible and invisible,
should be an essential part of your tidepool
study. Many bacteria are responsible for
diseases in water habitats, whether those
that occur in fish or small invertebrates,
and it behooves the marine ecologist to try
and measure for these at every opportunity.
Time, equipment and necessary background will
probably not allow examination for specific
organisms, so the purpose of this part of
the investigation is to concentrate on just
one type of pollution indicator (i.e., those
microorganisms that are always present in
sewage, namely Coliform bacteria)
.
Since coliforms are extremely difficult
to kill as compared to disease producers they
serve as excellent indicators. If they are
absent in the samples, what can be assumed
about sewage pollution in relation to the
source of the water being tested?
The technique most easily handled and one
that is finding more popularity today, is
membrane filtration. Special kits designed
specifically for use in high school micro-
biology courses, of which a water test
exercise is included as one investigation,
are presently available. They contain all of
the necessary equipment necessary for testing
air, soil and water contamination. Separate
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pieces of equipment and differing amounts of
media can be ordered at a lower cost and inbulk amounts if kits do not fit your budget.
After filtration and plating on MF-Endo
media, the petri dishes can be incubated at
room temperature for lj.8 hours or in anincubator at 37°C for 2 ij. hours. Coliform
colonies are easy to see due to their shiny,
metallic, greenish surfaces, and are not dif-ficult to count.
Significance of Counting (Standards)
Concern for the environment has resulted in morepublicity in the area of public health and safety as
evidenced by more frequent articles and reports about
bacteria- counts at local beaches. Figure 22 is such an
example. .As more beaches become threatened and public aware-
ness continues to build you can expect to more frequently
see and hear about contamination- type bacteria. Officials
are increasingly stepping-up their testing schedules as a
result of the public’s wanting to know about safety from
ear infections and various intestinal disorders. (Your
class might even offer to assist the local health department
in taking measurements.) The more adept you become in
practicing good techniques and determining accuracy in
scientific reporting the larger your role could become in
the community. Some students have even found this type of
activity to be a stepping-stone in launching their own
careers. The author has had certain class members forming
a club designed for assisting the local board of health and
conservation commission. The reward of doing something for
people is one that is hard to measure usually but the reward
of assisting your community is often a very tangible one
indeed.
1. Bacterial counts are always denoted per 100 ml
of sample. Check your plates to see if you have any that
are considered to be acceptable (i.e., containing 20 - 80
colonies). These are called "countable plates" since they
can be tallied with little confusion.
2. You may wish to run dilutions on your samples.
For example, if your sample is suspected of being heavily
contaminated (raw sewage or other highly polluted water)
dilute the sample by factors of 10, 100, 1000, and 10,000.
You may find that even a dilution of 100 results in
innumerable colonies and the plate will be uncountable.
This condition is usually recorded in the data as TNTC^
(too numerous to count) . Experience will eventually play
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Pig. 22. Bacteria Count at Beaches. Counts such as
these indicate the amount of sewage in the water. At MDC(Metropolitan District Commission) beaches, counts of less
than 100C/10C ml are considered to be safe for swimming.
(Courtesy of Boston Globe
.
Aug., 1972)
a large role and with practice you should be able to
hypothesize, with a high percentage of accuracy, the proper
dilutions necessary for each sample. What would you predict
for samples taken from a marina or yacht club contrasted to
samples collected in a sub-littoral tidepool?
3* The formula to remember for compiling your final
data reading concerning coliform bacteria is:
number of colonies on MF
^ ^oo =
number of coliforms
number of milliters sampled per
100 ml
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/hat 3tandards should be used for comparison'?T e following are acceptable guidelines for you to use
'
in concluding your bacteria sampling: 7
a. Swimming - counts of less than 1000/100 ml
are safe for swimming*: ftj.00/100 ml in fresh
water.
)
b. Shellfish - total coliforms found in over-laying water should not exceed 70/100 ml;
71 " 700/100 ml, bed is considered to be
moderately contaminated; over 700/100 ml isgrossly contaminated.
c. Drinking water - should not contain more
than one (1)/100 ml/month.
TABLE 2.
--Bactericidal effects of sea water
Sea water often has bactericidal effects in
the form of:
1. toxins
2. bacteriophages
3» adsorption and sedimentation
4. sunlight
5« consumption by protozoa and other small
organisms
6. inactivation due to lack of conditions
of temperature, aeration and food supply
7. lack of sufficient nutriment
8. antagonistic effects of other micro-
organisms, ex. Pseudomonas
What do each of the above mean? How could each
occur in a tidepool?
Tidepool Quadrat (Macroorganisms)
Tidepools, as stated earlier in the first part of
this investigation, are found in numerous locations. They
can be located on most shores and working in them should
provide confidence in predicting the various physical
properties as well as species- types you expect to find.
However, predicting and validating are two opposites as
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far as accurate data is concerned. No matter how muchpractice one accrues there are always surprises to beencountered in each tidepool, whether it be of the muddy
tint
7
all \ part of the tideP00l investiga-
^o*9 * l3^l\ thQ larger organisms, appropriately calledmacro." What does this term mean? J
Most tidepools are irregular in shape and size and
°{ten found conveniently in a well-organized row,from low to high elevations. However, as pointed out
earlier, your transect line can include those pools that
are in close proximity to the measured line. To examinethese .pools with as much accuracy as possible, the samplingtechnique of using QUADRATS should be employed. Divide the
work among. yourselves using teams responsible for each
small section. Divide the pool into 1 ft. 2 portions, orsome other agreed-upon division, depending upon the size
of the pool. One part of the class concentrates on thefirst part of this exercise and another works the macro-
part. It might be best to concern yourself with just one
tidepool the first time you try this technique. But bear
in mind that each tidepool should undergo the quadrat
study as part of the total population count.
A clever measuring device is very handy for doing a
quadrat population study in the tidepool area. It is rela-
tively simple to construct and has proved to be invaluable.
The idea originated from a similar tool used in the study
of populations in grassland areas. Refer to Figure 23
for details of this instrument. As noted, the unique part
of this apparatus is its adaptability. By using wing nuts
the implement can be adjusted lengthwise and heightwise
conforming to just about any irregularity you may encounter
while working with tidepools. This feature is especially
handy when investigating in rocky areas. You can put to-
gether a similar device allowing for as much expansion of
the parts as needed. Note the strings that divide the
limits of the frame into quadrat sections. Each string
has a lead (or other heavy anchor) weight attached. Each
hangs down in such a way as to divide the pool into square-
foot sections. You may wish to use a different type of
division depending upon the size of the pool you encounter.
In this case, allow for maneuverability of the strings by
drilling pr'3-measured holes in the frame. You might dis-
cover the best hole-alignments after having worked with the
instrument in an initial project.
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Fig. 23. A Tidepool Sampler. The strings are shown
shorter than usual in order to illustrate the weight place-
ment. Note the adjustable legs and frame.
Procedure
Set-up the quadrat sampler over each tidepool
encountered along the transect line (or use for individual
pool studies). Each team is responsible for investigating
the flora and fauna that lies within each cubic foot.
(Note: the total volume may or may not be a cubic foot
but you can measure the depthts] of your quadrat by using
a yardstick or ruler.) Do all of the quadrats need to be
measured or counted? Can sampling techniques be employed
in this study? If so, how many divisions should you use?
A number of recorders should list the data and also
assist in the count. Percent frequency and density should
be figured at the conclusion of the study. A good rule to
remember, also, and one that should be firmly adhered to
regardless of any exercise you are working at, is that
unless collecting is the focal point you should re turn all
specimens to their habitats and not disrupt the normal
living pattern found at the shore. Conservation is an
essential part of the regimen of every ecologist and it
is necessary that you develop this fundamental habit.
Life in a Tidepool
What are some of the specimens found in a tidepool?
Rachel Carson once described the tidepool as a place where
all the beauty of the sea is subtly suggested and portrayed
in miniature. You may discover that this is true. Yet the
tidepools are quite often unique contrasted to the open sea.
For here live the "rugged individualists," the marine creatures
that have developed broad tolerances in order to exist. Just
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imagine the environmental pressures sottip nrencounter during their day? to- da7 life in r^tl organi3ms
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nt3; alkalinity. temperature! stagnationa" ° theP Parameters that fluctuate so often and atgreat extremes are formidable "enemies" indeed.
Fig* 2[j.. A Veritable Jungle of Life. Conservation
is being practiced here. The student is replacing a sea
urchin shortly after a quadrat study was completed.
Probably the most encountered alga in high rocky
tidepools is Enteromornha
. It can best be described as
bright green with very slender, tube- like frond 3 . It is
perhaps the most stable form of life found in the pools
located high up in the rocks. Receiving only the spray
of the sea for most of the time, this alga manages to
thrive and often carpets or lines the entire pool. Other
tidepools in the upper zone may reflect a reddish color
and upon close examination one find3 that a mass of
spherical alga called Haematococcus is responsible for the
red hue. This is actually a green alga heavily laden with
red pigment. A few periwinkles and some isopods may also
be discovered. If you should come upon an upper tidepool,
reddish in color yet free of Haematococcus
,
it probably
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contains admass of one- celled plants called Sphaerella.
Chem?r!l !
lil
J;
ion
!
°f these Plants to turn the
P
pool red.ica tests will reveal a high alkaline reading in
"rLP?° 1S * tC. idi' " idep0°l S do not contain Sphaerella .ginner.often thinks that these pools are formed ofiron- containing rocks and that these are responsible forthe red color. A handy research tip should be mentioned
at this Point. As you record the count and distribution
oi tidepool life and come upon certain species that are
unknown to you or your teacher, collect a sample and placeit in a bag or jar, assign it a number or letter, and saveit for identification purposes back in the lab. Keep themin the cooler for best results and ease of identification.
A 1:5 or 1:9 (commercial formalin) dilution of formaldehyde
and water should be part of your field equipment and may be
used to preserve your specimens. (For more elaborate in-formation about pickling techniques, refer to the exercise
on collecting.”) A 709a alcohol solution may also be
employed as a preservative. Never overcollect any specimen
Again, employ the rule of conservation!
Further down there exists a different display of
plants and animals. But before we discuss this area a
point should be made concerning a particular insect.
Anurida mar it ima of the order collembola (of which spring-
tails are the most common example) is the only insect that
lives in a marine environment. Its name is translated into
"the wingless one who goes to sea." They are found in many
tidepools, individual specimens coagulated into rafts.
These insects are considered by many ecologists to be
indicative of pollution of some sort. Perhaps your overall
analysis of tidepools containing Anurida may bear this out.
Pools closer to the water at low tide display a variety of
plants and animals. Half sia
,
formed in smooth, velvety
sheets is an alga most often found in tidepools slightly
lower down than the uppermost pools. Again more periwinkles
and perhaps a few barnacles may be discovered in these pools.
Look for ostracods (a type of crustacean) and miniature tube
worms hiding among the brown seaweed. Closer to the water
within average tidal range are the Cladophora algae, dark
green in color and so abundant that they can only be
described as thick masses. This seaweed is often found
intermingled with Enteromorpha
,
the green inhabitant of
higher elevations.
Mussels of all kinds abound in the lower pools. Horse
and blue mussels attach themselves to the bottom and walls
of the pools with their byssal threads and often find them-
selves used as strata for seaweed holdfasts and barnacles.
Here are also found colonies of hydro ids, the Sertularians
,
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s® a lettuce ( Ulva ) i 3 usually quite abundant inpools of the lower zone. They are unique to the algologistin that they represent the first alga to show a double layer
of celis and thus, constitute what is to be believed as thefirst true tissue in the plant world. These broad, thin
and green-hued algae are found in large masses, even along
rocky beaches. Look for small animal life who have found"
.
lettuce be protective, a canopy of preservation
against the harsh elements of the intertidal zone.
Chaetomorpha
, a dark- colored tufted alga is a common in-habitant in most tidepools. Contrasted with the dainty
Bryopsis with its feathery, green branches, Chaetomorpha
reminds one of toughness and ruggedness-- two qualities
needed to withstand the harsh elements of the intertidal
zone. Yet the delicate weeds seem to fend off the brutal
impact of wave action. As you watch the force of the sea
wash over the seaweeds you begin to appreciate the daily,
and more often than not, twice daily battle between the
pounding surf and shore inhabitants. Corallina, calcium-
enforced, a reminder of coral, lines the sides of most
tidepools. This red seaweed is normally a cold water
species but its relatives in southern waters are claimed,
by most scientists, to be responsible for at least half of
the material forming new coral reefs. Perhaps you have
seen the non-living remains of this seaweed washed up on
the shore, resembling minute skeletons of small vertebrates.
The Fucus plants are abundantly found in the mid-
to low- tidepools . As you examine your quadrat try to dis-
tinguish between F. vesiculosis
,
F. spirilla and F.
evane 3cens . All are very common in northern regions.
Ectocarpus is another example of a brown seaweed and is
quite dominant in most tidepools. Sea anemones abound
in tidepools and Metridium dianthus is perhaps the most
common one found in northern regions. In the exercise
dealing with animal collecting a description of how best
to collect these organisms is presented. Be careful in
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your observation to study, their behavior when about to bedisturbed. How would you best describe their reaction?
Pig. 25. A Tidepool Prize. Metridium dianthu3
is unveiled, stripped of its protective Fucus cover.
Oftentimes whole colonies of 10 or more are found clustered
together in a small section of a tidepool. How does this
affect a density tabulation?
Note the various substrata that Metridium attaches
itself to I Your quadrat might also reveal the green
crumb- of- bread sponge, Halicondria pan ice
a
,
that covers
much of the bottom of a pool. Running your hand over
what appears to be a velvety carpet will reveal tiny
prickles caused by the silicious spicules of these
animals. The sulphur or boring sponge also inhabits many
tidepcols , Squeeze a bit between your fingers and smell
the re suits l Can you imagine where it gets its name from?
Finger sponges are fascinating- looking creatures. They
are also a favorite in laboratory sessions, exhibiting many
of the fine details displayed by the Porifera. Predatory
starfish can be detected moving inconspicuously across the
surface of algae and sponges, looking for a molluscan meal.
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also adound in m03t tide Pool s> even those found alongsandy or muddy areas. See if you can identify them before
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they scurry for cover. Carcinides maenas
. the green crab,
a bane to the shell fisherman due to its carnivorous- cravingfor clam and oyster larvae, use the deep-green hue of thetidepoo^ for cover. The northern crab, Cancer borealis,
sometimes called the Jonah crab and found north of Cape Cod
seems to prefer those pools exposed to pounding surf.*
Southern crabs, such as Ca lappa flammea, a large beast,
and Hepa tus epheliticus
,
( the calico crab) appear con-
spicuously having oftentimes brilliant spots on their
carapace. Perhaps you will see other species in the pools.
Note them carefully and if need be, bring a specimen or
two back to the lab and key them out. Most students
usually find that the process of using a key leaves an
indelible print in their minds and thus, proves to be an
incorrigible part of the learning process.
A question may arise at this point. What should be
included within any quadrat? Stationary flora, obviously,
are no problem. Neither are anemones and other sessile
creatures. But what does one record concerning the fleet
crabs and skittering Gammarus
,
the "side walker," that
covers a large territory in its search for food. There
are actually a couple of choices to be decided upon:
1) count a specimen only once when it appears in a par-
ticular quadrat; or 2) count it each time as it moves from
section to section, making a special note concerning its
behavior. The latter may be hard to do since each creature
does not carry a special label on its back but it is fun to
try and does create an atmosphere of alertness and careful
scrutiny. You may wish to try both methods, but remember
to stick to one for each study. Good data are dependent
upon consistency. By choosing number 2, what effect will
this have on your percent frequency and density statistics?
Be aware of adjustments you may have to make I
Various littorinids and whelks may be the dominant
animal life in tidepools. Study the periwinkles carefully
in determining which species are found within certain
elevations. Note the shape of the shells l Does this
variation in structure assist these mollusks in laying
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elfiim to certain parts of the intertidal zone? The dor-
whelks, displaying many attractive colors, along with theperiwinkles, are leatured in another exercise in whichtheir food-gathering behavior is studied. Thais
,
the genus
name of the whelk clan, may appear often on your data
charts. It is not difficult to figure out why, especiallyif y°u locate their egg masses. Proliferation is the only
way to describe their numbers depending on the right season.
Be sure to count egg clusters (identifiable or not) in your
samples. The whelk’s egg-cases resemble masses of yellow,
gelatin-encased vitamin capsules. You may find them attached
to rocks or large seaweed fronds. Carefully lift the over-
hanging seaweeds and examine the well-protected recesses of
the rock interface underneath. Besides discovering egg
cases and masses, you probably will encounter limpets, sea
slugs, and even turbellarian flatworms. The latter group
is most often represented by Polychoerus
, red in color
and very thin, almost leaf-like in appearance
. Also,
examine the rocks and algae fronds for a circular, white
shell. This houses another worm, this time a member of
the annelid phylum, namely, Spirorbis
. Hardly a piece
of seaweed is free from providing a "home" for this tube
worm. A later investigation is designed in such a way
that hopefully, you will be able to "see" this tiny worm
in its active stages right within its calcareous tube-
housing.
Look for Acanthomysi s
,
the oppo3um shrimps, very
hard to detect and the skeleton shrimp ( Caprella ) , both
representative of the phylum arthropoda, class Crustacea.
The latter are most difficult to see for they are very
slender and blend- in most effectively with certain algae
and hydrozoan colonies of coelenterates . The former, a
mysid crustacean, is most often found in the open sea but
occasionally drifts into shore (around the California
coast) for purposes of reproduction. Sea slugs are
unforgettable due to their oftentimes striking appearance.
These "mo Husks without shells" display their bushy- like
organs of respiration in peacock-fashion and usually
perpetrate cries of excitement from those fortunate enough
to discover them. Dendronotus , the bushy-backed slug and
Aeolis
,
the plumed sea slug, are both commonly found along
the New England coast. Both are large enough to detect
and colorful enough to attract the searching eye. These
are representatives of the mo llus can group, as stated
earlier, but lose their shells shortly after birth.
Aeolis, orange and spotted with white, green or purple
"are distributed from Greenland to Rhode Island, as well
as having origins along European shores. Dentro notus
^
is
brown to reddish and mottled with yellowish to whitish spots.
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Fig. 26. Some Tidepool Tenants. Are the proportions
necessarily accurate? Are any of the organisms related?
Which ones? Why are they related?
1 Sea anemone (Metridium ) 8
2 Dog whelk ( Thais )
3 Rock barnacle ("Balanus ) 9
4 A common isopod ( Scyphacella )
5 Rockweed ( Fucus ) 10
6 Sea squirt's [grapes) (Molgula )
7 Brittle starfish ( Qphiopholis ) 11
The pools in the lower littoral zone are perhaps best
represented by Irish Moss, scientifically called Chondrus
crispus . These purplish- red, dichotomous (what does this
me an ) Branching algae are known for their carbohydrate
source. During World War II, when the deep-sea seaweed
from which agar is derived, was more-or-less abandoned
due to the u-boat threat, Irish Moss became prominent in
a substitute’s role. It is still very much in demand
today and commercial companies as well as private citizens
search for, and harvest this important alga during the
warm months. Threats from pollution, whether in the form
of sewage or thermal overloading, have stimulated some
scientific studies on Chondrus crispus . How strange that
Common starfish
(Asteria3 )
Green sea urchin
( Strongylocentrotus )
Keyhole limpet
(Fissurella )
Chiton (TTopalia )
it often takes an intimidation towards dollars and centsbefore concern for the environment builds in crescendo:Loox-up agar and list its many uses and then you will gainan appreciation of the importance of the tidal moss.Mussels (Mytilis) .and snails, as well as Balanus
.
the rockbarnacle, abound in the lower pools. Even some subtidal
representatives live here, perhaps temporarily, havingbeen washed-up by the surf. See if you can figure out
whicn.ones? Of course, rockweeds drape themselves like
curtains in this region, oftentimes hiding the moredelicate Ec tocarpus
. The sub-tidal zone conceals the
representatives of the open sea in large numbers. Mollusks,
worms, spiny creatures even the obtrusive sand dollarsfind solace beneath the frothy canopy of marine water. Agood spring tide will open-up this vista. Note the kelps,
the Laminaria with their powerful holdfasts. Some grow
to astounding lengths, so-much-so, that they are frequentlyblurred from the mind when one conjures up a mental image
of algae. Note the toughness of their stipe and their
large, broad blades. You may even be fortunate enough to
spot small dark areas (sori) along the blades. Each°soru3
produces zoosporangium responsible for the production of
spores. The kelps are a good representative of plants
that display alternation-of-generations
. Can you name
some terrestrial examples that reproduce in like manner?
If you have chosen an abnormally low tide to do your
tidepool study you may come across one of the some 30 or
so seed plants that are tolerant of the marine environment.
Zostrea marina
,
more commonly referred to as eelgrass
[is it really a grass?) grows in such profuse numbers that
it has been called the underwater meadow of the sea. In-
spections of these plants have uncovered many interesting
organisms that have sought safety and shelter among this
underwater forest.
Sand pools often show tell-tale signs of the presence
of animals. Southern coastal areas and those regions lacking
in rocky edges of the sea, as stated in the beginning of
this investigation, should not be forgotten. Even the most
shallow of pools may contain an interesting member of the
intertidal- zone community. Polinices
,
the moon snail, may
be entirely hidden under the sand but it usually gives it-
self away in moving about searching for food. A V-shaped
track may be the clue to the whereabouts of a molluscan
burrower or a heart urchin. Starfish and sand dollars also
leave distinctive trails. What might they look like? Tiny
holes seem to offer one a personal invitation to enter and
discover what makes its home there. Renilla , the sea pansy,
pinkish and plantlike in form, are sometimes trapped in tiny
11+2
^i-ri£P ^ eS or P°ols in southern areas. Pea crabs and
Lf^imp3 ' lugwo™s of muddy areas , trumpet worms andil
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countless other specimens lie in waitTor the student of marine ecology. The usual reactiondisplayed by those who are participating in their initialtrip to the pool-area of the shore is one of amazement
concerning the countless types and numbers of flora andfauna inhabiting this most rugged of all of nature's
environments
.
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